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LED STROBE AND TACHOMETER Part 2 


Uselandiassemblyjotthe LEDStrobe 
RAILROWER Ranty2 SOUS SI0250MN E3890 


7 - “ NOV 2010 PRINTED IN THE UK 
Construction details and setting | i 
up for best performance 7 Mt35274!'07806 


K6400 
K6501 
K6600 
K6712 
K6714 
K6714-16 Universal Relay Card (16 Relay's) Kit 


K7000 
K7101 
K7102 
K7105 
K7203 
K7300 
K7302 
K8000 
K8004 
K8005 
K8006 
K8008 
K8009 
K8011 
K8012 
K8015 
K8016 
K8017 
K8020 
K8021 
K8023 
K8026 
K8027 
K8028 
K8029 
K8031 
K8032 
K8033 
K8035 
K8036 
K8037 
K8038 
K8039 
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2 x 30W Au 
200W Mono/Stereo Amplifier Kit 
W Mono/Stereo Amplifier Kit 
r Supply for K4004B and K4005B Kit 
COW Mono Mosfet Amplifier Kit 
Stereo Valve Amplifier/Chrome Kit 
Stereo Valve Amplifier/Black Kit 
Guitar Preamp with Headphone Output 
Pink Noise Generator Kit 
Mono VU Meter 10 LEDs Kit 
Stereo VU Meter 2 x 10 LEDs Kit 
Precision Stereo VU Meter 2 x 15 LEDs Kit 
Audio Power Meter Kit 
Sound Generator Kit 
Video and RGB Converter/Processor Kit 
Audio/Video TV Modulator Kit 
2-Channel Loudspeaker Protection Kit 
Loudspeaker DC-Protection Kit 
Telephone Amplifier Kit 
4-Channel Multi-Function Running Light Kit 
Light Computer Kit 
Dual Function Strobe Kit 
Advertisement LED Display (Red) Kit 
Temperature Sensor (for K6002) Kit 
Temperature Controller Kit 
Temperature Sensor with LED Display Kit 
0 to 60 Hours Start/Stop Timer Kit 
Code Lock Kit 
Remote Control by Telephone Kit 
Multitone Chime Kit 
IR Remote Controlled Dimmer Kit 
Universal Relay Card (8 Relay's) Kit 


Signal Tracer/Injector Kit 

Mains Voltage Detector Kit 

Metal Detector Kit 

Handheld LCD Osciloscope Kit 

3-30V 3A Power Supply Kit 

Universal Battery Charger/Discharger Kit 
Low Cost Universal Battery Charger Kit 
PC Interface Board Kit 

DC to Pulse Width Modulator Kit 
Stepper Motor Card Kit 

Domotica Light System - Busprint Kit 
Multifunction Relay Module Kit 
Multifunctional Clock Kit 

Mono 95W Valve Power Amplifier Kit 
Lead Acid Battery Charger/Conditioner 
Multifunction Relay Switch Kit 

PC Function Generator 0 - 1MHz Kit 
3-Channel Sound Light with Microphone 
Valve Control Amplifier Kit 

High-End Control Amplifier Kit 
10-Channel, 2-Wire Remote Control Kit 
Suppressed 3.5A Dimmer Kit 

Relay Output Module (for K8006) Kit 
Multifunction Dimmer Kit 

Slow On-Off Dimmer Kit 

One Channel Digital PC Scope Kit 

4 channel Running Light Kit 

Power Blinker Kit 

Multifunctional Up/Down Counter Kit 
Video Signal Cleaner Kit 

Bus Dimmer for Home Light System Kit 
Power Dimmer, Push-Button Controlled Kit 
1 Channel DMX Controlled Power Dimmer 


Over 300 Kits, Mini Kits & Metiutes - check web site 


Station Road © CD 
Cullercoats 
Tyne & Wear 
NE3O 4PQ 


24.41 
9.94 
2.95 

22 20 

13.60 

100.99 

20.58 

13.04 

"es 

20.58 

12.70 

14.80 

22.95 


K8090 
K8091 
K8092 
K8095 
K8098 
K8099 
K8100 


sage Board with LCD 


4. 1el Recorder/Logger Kit 

PIC Programmer and Experiment Board 
15-Channel IR Transmitter Kit 
15-Channel IR Receiver Kit 

15-Channel IR Remote Stick Kit 

USB Experiment Interface Board Kit 
8-Channel Relay Card Kit 

2-Channel RF Remote Receiver 
8-Channel RF Remote Control Kit 
2-Channel RF Code-Lock Transmitter Kit 
Discrete Power Amplifier 200W Kit 
Extended USB Interface Board Kit 

USB Controlled DMX Interface Kit 

2 Modular Lights with Serial Interface Kit 
DC Controlled Dimmer Kit 

Pocket Audio Generator Kit 

3W Mono Amplifier Kit 

Universal Temperature Sensor Kit 
Dimmer for Electronic Transformers Kit 
]1-Channel RF Receiver (for K8058) Kit 
1W/3W High Power LED Driver Kit 
DMxX Controlled Relay Kit 

USB to Remote control Transmitter Kit 
Power Saver/Timer Kit 

PIC Programmer Board Kit 

Subwoofer Kit 

Powerblock Kit 

Safe Style Codelock Kit 

Volume & Tone Control Pre-Amplifier Kit 
Telephone Ring Detector & Relay Output 
Telephone Ring with Buzzer and LED Kit 
RGB Controller Kit 

Big Digital Clock, Temp Display Kit 

8 Channel USB Relay Card Kit 

LED Clock with Light Dimmer Function Kit 
Optical proximity switch Kit 

SD/HCSD MP3 Player Kit 

Audio Analyser Kit 

Nixie Clock Kit 

Video Digitiser Card for PC Kit 


Velleman Mini Kits 


MK100 
MK101 
MK102 
MK103 
MK104 
MK105 
MK106 
MK107 
MK108 
MK109 
MK110 
MK111 
MK112 
MK113 
MK114 
MK115 
MK116 
MK117 
MK118 
MK119 
MK120 


Electronic Christmas Tree Minikit 
Flashing LED Sweetheart Minikit 
Flashing LED's Minikit 

Sound to Light Minikit 

Electronic Cricket Minikit 

Signal Generator Minikit 
Metronome Minikit 

LED Running Light Minikit 

Water Alarm Minikit 

Electronic Dice Minikit 

Simple One Channel Light Organ Minikit 
Interval Timer Minikit 

Brain Game Minikit 

Siren Sound Generator Minikit 
Low Voltage Light Organ Minikit 
Pocket VU Meter Minikit 

Riding Santa Minikit 

Delux Xmas Tree Minikit 

FM Radio Minikit 

Roulette Minikit 

Light Barrier Minikit 


MK121PAL Classic TV Game Minikit 


MK122 
MK123 
MK124 
MK125 
MK126 
MK127 
MK128 
MK129 
MK130 
MK131 
MK132 
MK133 
MK134 
MK135 
MK136 
MK137 
MK138 
MK139 
MK140 
MK141 
MK142 
MK143 
MK144 
MK145 


Tels 


Fax: 0191 2522296 
sales@esr.co.uk 


Animated Bell with 83 LED's Minikit 
Rolling Clock Minikit 

Rolling Message Minikit 

Light Sensitive Switch Minikit 

Car Alarm Simulator Minikit 
Running Microbug Minikit 

Kitchen Timer Minikit 

Crawling Microbug Minikit 

3D Xmas Tree Minikit 

Traffic Light Minikit 

Cable Polarity Checker Minikit 
Quiz Table Minikit 

Steam Engine Sound Generator Minikit 
Electronic Decision Maker Minikit 
Super Stereo Ear Minikit 

IR Remote Checker Minikit 
Thermostat Minikit 

Clap On/Off Switch Minikit 
Karaoke Minikit 

SMD Happy Face Minikit 

SMD Xmas Tree Minikit 

White LED Flashlight Minikit 
Flashing Heart Minikit 
Halloween Pumpkin Minikit 


0191 2514363 
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8-Channel Touch Panel Kit 


1 te. 
MK147 


MK148 
MK149 
MK150 
MK151 
MK152 
MK153 
MK154 
MK155 
MK157 
MK158 
MK159 
MK160 
MK161 
MK162 
MK163 
MK164 
MK165 
MK166 
MK167 
MK168 
MK169R 
MK169Y 
MK170 
MK171 
MK172 
MK173 
MK174 
MK175 
MK176 
MK177 
MK178 
MK179 
MK180 
MK181 
MK182 


VELLEMAN® products.: 
Pocket VU Meter Minikit (with Enclosure) 
Dual White LED Stroboscope Minikit 
Dual Super Bright Flashing Red Lights 
Love Tester Minikit 

Shaking Dice Minikit 

Digital LED Clock Minikit 

Wheel of Fortune Minikit 

Jumbo Single Digit Clock Minikit 

5 in 1 Emergency Tool Minikit 

Magic Message Minikit 

LCD Mini Message Board Minikit 

LCD Mini Message Board with Backlight 
Brain Game Minikit 

Remote Control via GSM Mobile Phone 
2-Channel IR Remote Receiver Minikit 
2-Channel IR Remote Transmitter Minikit 
Electronic Stereo Volume Control Minikit 
IR Electronic Volume Control Minikit 
Crawling Bug Minikit 

Animated Ghost Minikit 

Electronic Candle Minikit 

Alarm Sensor Simulator Minikit 

Flashing LED Star (Red) Minikit 

Flashing LED Star (Yellow) Minikit 

60 LED Multi-Effect Star Minikit 

Voice Changer Minikit 

Sound LED Star Minikit 

Mini 6-LED Chaser Minikit 
Single-Message Record/Playback Minikit 
Animated LED Smiley Minikit 

LED Chevron Arrow Minikit 

Ding Dong Minikit 

3rd Brake Light Flasher Minikit 
Proximity Card reader Minikit 

2 Channel Hi-power LED Flasher Minikit 
AC Power voltage indicator LED Minikit 
Digital Echo Chamber Minikit 


Velleman Modules - Assembled 


VM100 
VM101 
VM103 
VM105 
VM106 
VM107 
VM110 
VM111 
VM112 
VM113 
VM114 
VM116 
VM118 
VM118R 
VM119 
VM120 
VM121 
VM122 
VM124 
VM125 
VM129 
VM130 
VM130T 
VM131 
VM132 
VM133 
VM134 
VM135 
VM136 
VM137 
VM138 
VM139 
VM140 
VM141 
VM142 


200W Power Amplifier Module 
Multifunctional Dimmer Module 

Blinking Module 

AC Power Slave Module 

Video Signal Cleaner Module 
Multifunctional Counter Module 

USB Interface Card Module 

PIC Programmer and Experiment Module 
Personal Animated Badge Module 
Stereo Amplifier Module 2 x 30W 

7W Mono Audio Amplifier Module 

USB Controlled DMX Interface Module 
8-Channel RF Remote Control Set Module 
8-Channel RF Remote Transmitter Module 
One Channel Dual Output Receiver 
10-Channel Light Effect Generator 
15-Channel Infrared Transmitter Module 
15-Channel Infrared Receiver Module 

1A Power Supply Module 

Ultrasonic Radar Module 

8-Channel Relay Card Module 
2-Channel RF Remote Control Set Module 
2-Channel RF Remote Control Transmitter 
Dimmer for Electronic Transformers 
Universal Temperature Sensor Module 
Energy Saver Module 

PIC Programmer Board Module 

Magical Dimmer Module 

Interval Timer Module 

Thermostat Module 5° - 30°C Module 
DMX Controlled Relay Module 

IR Remote Checker Module 

Extender USB Interface Board Module 
Start/Stop Timer Module 

Mini-Pic Application Module 


VM143/1W 1W High Power LED Driver Module 
VM143/3W 3W High Power LED Driver Module 


VM144 
VM145 
VM146 
VM147 
VM148 
VM150 
VM151 
VM152 
VM154 
VM156 
VM160 


Telephone Ring Detector & Relay output 
Digital Panel Thermometer Min/Max 
RGB Controller Module 

Panel Counter Module 

Panel Thermostat Module 

RGB LED Dimmer for DIN rail (Due July) 
RGB Controller Module & remote control 
LED Dimmer with RF Remote Control 
Fan Timer Module 

Pocket Audio Generator Module 

4 Channel RF Remote Control Set 


VM160DT 4 Channel RF Desktop Transmitter 


VM160T 
VM161 
VM162 
VM163 
VM164 
VM165 
VM179 
VM8090 


4 Channel RF Replacement transmitter 
RGB LED Strip Colour controller Module 
RGB LED Strip Colour dimmer Module 
Panel Clock Module 


Mini Dimmer, Push button control (Due July) 


0-10V DC Controlled Dimmer (Due June) 
Proximity Card Reader Module 
8 Channel USB Relay Card (Due ay 


== 


etails 


Prices Exclude Vat @17.5%. 
UK Carriage £2.50 (less than lkg 
£5.50 greater than lkg or >£30 
Cheques / Postal orders payable to 


- The UK’s number 1 source of 


7 AA 


20.00 
47.50 
46.28 
17.05 
22.15 
30.86 
25.17 
14.78 
48.95 
25:65 
58.40 


[visa ESR Electronic Components Ltd. 


PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 
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WARNING! 


The materials and works contained within EPE Online — which are made available 
by Wimborne Publishing Ltd and TechBites Interactive Inc — are copyrighted. You 
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Projects and Cireuits 


USB CLOCK WITH LCD READOUT - PART 1 by Mauro Grassi 
Synchronise your PC’s local time with an internet server 

Will also function as a stand-alone timekeeper 

LED STROBE AND TACHOMETER - PART 2 by John Clarke 

Observe and measure the RPM of rotating machinery 

Optional Photo-Interrupter and IR Reflector Amplifier 

MICROPHONE PREAMP FOR PCS AND MP3 PLAYERS by John Clarke 
Connect a balanced professional mic to a PC’s soundcard or an MP3 player 
RAILPOWER IV - PART 2 by John Clarke 

Construction details and how to set up the project for best performance 
INGENUITY UNLIMITED 

Seeing Eye 


TECHNO TALK by Mark Nelson 

Take Good Care Of Yourself 

RECYCLE IT! by Julian Edgar 

Top Ten Parts 

TEACH-IN 2011 - A BROAD-BASED INTRODUCTION TO 
ELECTRONICS by Mike and Richard Tooley 

Part 1: Introduction to signals in electronic circuits and systems 
CIRCUIT SURGERY by lan Bell 

Fast Fourier Transform (FFT) and LTspice 

PRACTICALLY SPEAKING by Robert Penfold 

Tools for electronics 

NET WORK by Alan Winstanley 

Back to the future... Power to the people 


AGuinrs ale] SAMIGAS 


EDITORIAL 

WiFi on steroids 

NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 
CD-ROMS FOR ELECTRONICS 

A wide range of CD-ROMs for hobbyists, students and engineers 
READOUT Matt Pulzer addresses general points arising 
SUBSCRIBE TO EPE and save money 

DIRECT BOOK SERVICE 

A wide range of technical books available by mail order, 
plus more CD-ROMs 

EPE PCB SERVICE 

PCBs for EPE projects 

ADVERTISERS INDEX 


EPE Exclusive 


WIN A MICROCHIP mTOUCH PROJECTED CAPACITIVE 
DEVELOPMENT KIT 

SPECIAL OFFER - CIRCUIT WIZARD STANDARD VERSION ONLY 
(SEE NEW TEACH-IN 2011 SERIES) 


Readers’ Services °¢ Editorial and Advertisement Departments 
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in a box! All assume no : JNA Wooden Kits 

previous knowledge Future engineers can 

and require NO solder. learn about the opera- 
tion of transmissions 


See website for full 

details steered through gears 
or pulleys. Easy to 
build, no glue or sol- 
dering required. 


Festive Fun 
Electronic 


ne Project Kits 
oiaeriess 250 different educa- 


Electronic —— tional electronic kits. 
‘ C , Soldering is required. 
Projects , 


(soldering required) 


www. QuasarElectronics.com 


KC-5498 £69.75 plus postage & packing 
Many of you know that you can buy $3-8,000 imported 


marine growth electronic antifouling systems. Jaycar, with 


Silicon Chip have developed a similar system based on this 
| technology and information in the public domain. This project 
uses the same ultrasonic waveforms and virtually identical 
¢ LSaRBlililil lll 2 i | ultrasonic transducers mounted in sturdy polyurethane 


4 SOLAR POWERED SHED ALARM KIT housings. By building yourself (which includes some potting) 


you save a fortune! Standard unit consists of control 


KC-5494 £8.75 plus postage & packin electronic kit and case, ultrasonic transducer , potting and 
Screecher Car Alarm MKII A lot of valuable ai ie ai in vee ar lotetions | gluing components and housings. Research age th one 
sie £8.75 -. 4 without access to mains power - a boat on a mooring, transducer is needed for boats under 40ft. Basically all parts 
plus postage & Sa bee — for example. What you need is a simple solar powered Supplied in the project kit including wiring 
packing 6) ee alarm that works with a variety of sensors - just 
the Screecher MK what this kit does. It has 3 inputs, plus all the , * 12VDC ; 

normal entry/exit delay etc. Short ' ipo > * Suitable for power or sail 


ll is very effective and 
produces an ear-piercing scream that will scare the pants form kit only - add your own 
solar panel, SLA battery, 


off any would be thief. It is easy to construct and * Could be powered by a solar 
features entry delay with a soft warning tone, exit delay eaneareant ren A aie “Uae panel/wind generator 
and high intensity deterrent LED. Vat — * Price includes epoxies 


* Kit includes PCB, siren, all electronic components and Supply voltage: 12VDC Vee * For more details visit our website 
two adhesive warning stickers for no extra cost. Current: 3mA during exit www,jaycarelectronics.co.uk 


2 ae ; delay; 500uA with PIR connected 
Short Circuits Ill Kit - Screamer Car Alarm Exit delay: 22 seconds 


KJ-8062 £9.75 plus postage & packing Entry delay: 5-30s adjustable 

A more sophisticated alarm including entry/exit delay, Alarm period: 25s to 2.5 minutes adjustable 
flashing deterrent light, soft warning alarm and deafening X , 

internal siren. Thieves will make a hasty retreat! 


-itincudes PCB, sien SHORT CIRCUITS III KIT - LOW-COST 
and electronic tate i 4 rm ‘ | INTERCOM SYSTEM 


components. Ee haan | 
ie oe 7 —— | KJ-8080 £4.75 plus postage & packing ee LSE ALL 
mn A low-cost method of communicating between two ‘ ROLLING CODE INFRARED KEYLESS ) 


_ fooms. The remote unit is hands free so it’s also great as 
ENTRY SYSTEM 


Instructions are NOT included. Instructions to suit Short a baby monitor. 


Circuits Ill project - Screamer Alarm Cat. KJ-8063 £0.70. 
For full colour instructions - see Short Circuits Vol Ill Book. 
| Cat. BJ-8505 £4.25 | 


KC-5458 £19.00 plus postage & packing 

This excellent keyless entry system features two 
ompenene / independent door strike outputs and will recognise up to 

- 12VDC required. 16 separate key fobs. The system keeps the coded key 


, . \ : aE fobs synchronised to the receiver and compensates for 
= e . = —_ « > y y 
INTRUDER ALARM Supplied with solder masked and silk screen 


printed PCB, two programmed 
KJ-8060 £4.50 plus postage & packing 


. nae micros, battery and all 
This simple design features a normally open and £0.70. For full colour instructions - see Short Circuits Vol electronic components. 
normally closed input, 40 second siren duration and 


' Ill Book. Cat B)-8505 £4.25 The receiver requires a | 


| triggered LED indication. = ) SS 4 12VDC 1.5A power 
- Kit includes PCB, Ta aT supply. Some SMD 


buzzer and electronic W amma < oe om UHF ROLLING CODE eae is 
POSES: — : REMOTE SWITCH KIT eee 


° 12VDC power required. . 
- PCB: 105 x 60mm | KC-5483 £29.00 plus postage & packing 
High-security 3-channel remote control that can 
be used for keyless entry into residential or 


* Kit includes PCB, speakers 
and electronic P 


Instructions are NOT included. Instructions to suit Short 
Circuits Ill project - Low Cost Intercom Cat. KJ-8081 


Instructions are NOT included. Instructions to suit Short 
Circuits Ill project - Screamer Alarm Cat. KJ-8063 £0.70. 


For full colour instructions - see Short Circuits commercial premises or for controlling 
Vol Ill Book. Cat. garage doors and lights. Up to 16 


, Bj-8505 £4.25 ] transmitters may be used 


with the one 
receiver so It's 
suitable for small- 


HIDDEN BUG DETECTOR 7 scale commercial 


applications. As it > ee 


| AA- . | features rolling code / code ¥ 4 
ee ecu 7 hopping, the access codes can't SD /MMC CARD WEBSERVER IN A BOX 
This unit is basically a broadband be intercepted and decoded by undesirables. The | KC-5489 £26.25 plus postage & packing 


receiver. It operates over the incredible transmitter kit includes a three button key fob case and Host your own website on a common Te ue) 
bandwidth of 100Kz to 2.2GHz! Clearly it ' runs on a 12V remote control battery. The receiver is a ) card with this compact Web server In . aes 
requires the ‘bug’ to connect to the = short-form kit without case so you can mount it in the | Connecting to the Internet via your mo ; a 
outside world by radio transmission location or enclosure of your choice. it features inbuilt HTTP server, ae oo 
preferably shortwave. It is no good for . | email client, dynamic DNS seh Sicae nate 
bugs that use telephone lines. * Receiver 12VDC @ 150mA (1A for door strike use). - port, four digital outputs and four : g nee 
i = | Requires a SD memory card, some SMD soldering 

_ + Dimension: 100 x 60 x 25mm Additional UHF Rolling Code Transmitter Kit KC-5484 £11.75 | | and a 6-9VDC adaptor. Kit includes PCB, 

4. * Telescopic antenna included p ON 4 ) case and electronic components. oe 

|. pcp: 123 x 74mm 


| 


| 
| 
} 


| Order Value Cost Note: Products are | | WEB: www.jaycarelectronics.co.uk 
£10 - £49.99 £5 despatched from Australia, PHONE: 0800 032 7241" 
£50 - £99.99 £10 so local customs duty & : ts 
£100 - £199.99 £20 taxes may apply. FAX: *61 2 8832 3118 ; 
£200 - £499.99 £30 All pricing in EMAIL: techstore@jaycarelectronics.co.uk 


£500+ £40 —_ Pounds Sterling POST: P.0. Box 107, Rydalmere NSW 2116 Australia 
Max weight 12Ib (5kg) * Minimum order £10 “Australian Eastern Standard Time 


Heavier parcels POA ices valid until (Monday - Friday 09.00 to 17.30 GMT + 10 hours) 
30/11/2010 Expect 10-14 days for air parcel delivery 


| Minimum order £10 


Order online: www.jaycarelectronics.co.uk 
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4000 Series = 74HC157_—s £0.22 741S368 £0.21 OPA95GP £8.69 Diodes Thyristors BC225 £0.15 BU208A 53 [NOW ONLINE 
4000B £0.27 74HC158 ~—- £0.23 7418373 £0.43 RC4136 ~—-£1.00 IN914 £0.05 2N5060 £0.19 BC237B —- £0.11 BU326A ‘40 | Take Control ! 
4001B £0.16 74HC161 £0.27 7418374 £0.38 SG3524N —«£0.82 1N4001 £0.04 2N5061_ «£0.19 BC238B ~=—s- £0.11 BU500 54! New range of 
4002B £0.19 74HC162 £0.45 74LS378 £0.62 SG3543. Ss £6.88 IN4002 _—- £0.05 BT151-500R £0.65 BC250A —- £0.15 BUS508A | contol knobs 
06B 0.65 74AHC163 £0.26 74LS390 £0.34 SSM2141P £3.21 IN4003 = £0.03 PO102AA_~= £0.30 BC261B £0.30 BUS508D ss & | 
4009UB £0.23 74HC164 £0.20 74LS393 £0.33 SSM2142P £6.16 1N4004 £0.04 TIC]06D £0.60 BC262B £0.24 BU806 
4010B £0.23 74AHC165 = £0.26 74LS395 = £0.26 SSM2143P £3.78 IN4005 —s- £0.04 TICII6D ~=—s_ £0.66 BC267B = £0.36 BUTI TAF 
4011B £0.16 74HC173_ £0.38 74 Sert TBA120S £1.04 1N4006 £0.04 TIC126D £077 BE3I76 £0.13 BUX84 
4012B Bike Bel Si ee ae TBABO £0.75 Nt, «EROS Triaes Be caine suzocoe 
40148 «£030 7AHC193. «£039 Limear Its TDALI70S. £4.80 IN4T49 £0.07 BT136-500 £0.58 Bc398" £0.09 BUZ905 
4015B £0.27 74HC195 £0.32 AD524AD £23.04 TDA2004 ¢9.924 1N5400 £0.08 BT137-600 £058 BG337-16 £0.10 BUZ905P 
4016B §0.20 74HC240 £0.32 AD548JN £2.48 TDA2003V £1.25 1N5401 £0.08 BC337-25 £0.08 IRF530 
. BT139-500 £1.00 14 
4017B £0.26 41 £0.37 AD590JH £5.28 TDA2030AV £1.24 1N5402 ~—- £0.08 BC348B 0.14 IRF540 
7 .26 74HC2 37 BT139-600_ £1.20 
4018B £0.25 74HC244 = £0.40 AD595AQ £13.92 TDA2050V £2.51 IN5404 £0.09 Bragg ZooR f0.g4 BE397 £0.25 IRF630 
4019B £0.25 74AHC245 £0.34 AD620AN £9.88 TDA2611A £1.88 1N5406 £0.10 BrA08-600awE0.76 See ee BEeas 
4020B £0.31 74HC251 £0.30 AD625JN £16.20 TDA2822A £0.79 IN3407 0.10 Brags-go0c £0:96 BE4O} 60:29 IRF740 oy (igh Quality 
4021B £0.22 74HC253 £0.25 AD6S3JIN £5.81 TDA2653A_ £2.99 7 Ads 60°97 BIA08-600sw£0.93 BE477 £052 IRF830 BR 
4022B £0.38 74HC257 = £0.25 ADG48JN £2.57 TED3718DP £5.03 2% 60°30 BIA08-6001w£0.93 BE479 60°39 IRF840 reece ligerd 
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READERS’ TECHNICAL ENQUIRIES 

Email: techdept @ epemag. wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We regret 
that we cannot provide data or answer queries 
on articles or projects that are more than five 
years old. Letters requiring a personal reply must 
be accompanied by a stamped self-addressed 
envelope or a self-addressed envelope and 
international reply coupons. We are not able to 
answer technical queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure 
that the advice and data given to readers is 
reliable. We cannot, however, guarantee it and 
we cannot accept legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages that can be lethal. You 
should not build, test, modify or renovate any 
item of mains-powered equipment unless you 
fully understand the safety aspects involved 
and you use an RCD adaptor. 


COMPONENT SUPPLIES 

We do not supply electronic components or kits 
for building the projects featured, these can be 
supplied by advertisers. 

We advise readers to check that all parts are 
still available before commencing any project in 
a back-dated issue. 


ADVERTISEMENTS 

Although the proprietors and_ staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable that 
advertisements are bona fide, the magazine 
and its publishers cannot give any undertakings 
in respect of statements or claims made by 
advertisers, whether these advertisements are 
printed as part of the magazine, or in inserts. 
The Publishers regret that under no 
circumstances will the magazine accept liability 
for non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment, as a fine, confiscation 
of equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws. 


A roundup of the latest Everyday 
News from the world of 
electronics 


No-glasses 3D TV making headway By Barry Fox 


F NO-GLASSES 3D takes off, ‘then 

I think Philips is sitting on a golden 
egg’ says Maarten Tobias of Dimenco, 
the startup company formed by eight ex- 
Philips employees who previously worked 
for 3D Solutions — the incubator project in 
Eindhoven funded by Philips to develop 
autosteroscopic display panels. 

Philips shut down 3DS in mid-2009, be- 
cause its 3D panels were too expensive for 
consumer use. But Philips was at pains to 
remind that it was retaining its large folio of 
patents for licensing to third parties in the 
future. Dimenco, also based in Eindhoven 
on the Hi Tech Campus, is the first company 
to take a Philips licence. ‘But it is not exclu- 
sive’ says Tobias. ‘Philips will licence oth- 
ers who want to make no-glasses screens’. 

Dimenco has been working to improve the 
panels made by Philips 3DS, and was dem- 
onstrating the results with a 56-inch screen 
on the Philips stand at the FA show in Berlin, 
under the banner ‘3D of the Future’. 

The new panels double resolution from 
Full HD 2K to 4K (from 1920 x 1080 to 


3840 x 2160), and this lets the screen dis- 
play 15 graded views, ranging from ‘full 
left’ to ‘full right’ behind a lenticular screen 
with 15 vertical lens slices. This gives 
viewers far sharper pictures over a wider 
viewing angle — 120 degrees. The original 
panels could show only nine views. 

The demo material shown at [FA was 
specially shot, as a 2D-plus-depth signal; 
a 2D image is accompanied by a bit map 
that describes the depth of objects in the 
scene. Processing in the panel converts 
2D+Depth to the required 15 views in real 
time, on the fly. 

The next step will be to convert or ‘ren- 
der’ stereo material; eg, from a 3D BD, 
to 2D+Depth on the fly. It will then be 
possible to play 3D BDs through the dis- 
play for no-glasses viewing. ‘Real time 
rendering is definitely possible’, says 
Tobias. 

‘The advantage of using 2D+Depth 
is that you give the user control over the 
depth of the image, which is not possible 
with existing systems.’ 


Currently, the 4K panel cost is still too 
high for consumers, around 40,000 euros 
(approx £33,000) for the 56-inch screen. 
‘But if you buy hundreds it would be less’ 
assures Tobias. ‘And we are working on a 
Full HD (2K) 52-inch monitor, which could 
be sold for around 5000 or 6000 euros.’ 

‘There is no standard for autostereo yet. 
But we expect it will be something the 
BDA takes on. And 2D+Depth is already 
in the MPEG and HDMI 1.4 standards’ 

“We see the 4K panels as being ideal for 
signage or medical applications. It’s likely 
that the first consumer applications will be 
for photo frames, which are smaller and 
where the consumer is less sensitive to 
quality. We expect consumer products in 
three to five years.’ 

The 3D demos on the 4K panel at [FA 
showed an interesting bonus effect; if the 
viewer’s head is tilted to one side, then the 
image degrades gracefully to 2D, rather 
than collapsing into eye-confusing dis- 
tortion as on some 3D systems that are 
viewed with glasses. 


GIANT CAMERA SENSOR 


HOTOGRAPHY equipment company 
Canon has announced the development 
of an APS-H CMOS sensor that delivers an 
astonishing 120 megapixels — the largest 
CMOS sensor in the world. 

In the photo above, the sensor is shown 
next to a standard 35mm full-frame sensor. 
The giant photon catcher measures 202 x 205 
mm, or 40 times the size of current sensors, 
and is extremely sensitive. 

The ability to record 60fps video under 
moonlight is claimed, and potential appli- 
cations include capturing the night sky and 
documenting nocturnal animal behavior. 

A high resolution (300DPI) print from this 
device would be nearly a square metre in 
size, and to view the file at 100% (at 72 DPI) 
would require a 4m square monitor. 


US Department of Defense aims 
for extreme scale supercomputers 


OTING that ‘Advanced computing 

is the backbone of the Department of 
Defense and of critical strategic importance 
to our nation’s defense.’, the US Department 
of Defense (DoD) has set itself an ambitious 
target to leapfrog Silicon Valley’s famous — 
and to date reliable — Moore’s Law of com- 
puter evolution. 

In a press release, the DoD stated that: 
‘All DoD sensors, platforms and missions 
depend heavily on computer systems. To meet 
the escalating demands for greater process- 
ing performance, it is imperative that future 
computer system designs be developed to 
support new generations of advanced DoD 
systems and enable new computing applica- 
tion code. 

‘Targeting this crucial need, the Defense 
Advanced Research Projects Agency (DAR- 
PA) has initiated the Ubiquitous High Perfor- 
mance Computing (UHPC) program to create 
an innovative, revolutionary new generation 
of computing systems that overcomes the limi- 
tations of the current evolutionary approach. 


‘Computing performance increases have 
been driven by Moore’s Law (doubling the 
transistors that can be placed on an integrated 
circuit every two years). The ability to achieve 
projected performance gains is limited by 
significant power consumption, and archi- 
tectural and programming complexity issues. 
To exploit available technological advances 
jully, highly programmable high performance 
computers must be developed that require dra- 
matically less energy per computation. 

‘The goal of DARPA’s UHPC program is 
to re-invent computing. It plans to develop 
radically new computer architectures and 
programming models that deliver 100 to 
1,000 times more performance, and that are 
easier to program than current systems. 

‘The resulting UHPC capabilities will pro- 
vide at least 50-times greater energy, com- 
puting and productivity efficiency, which will 
slash the time needed to design and develop 
complex computing applications. Prototype 
UHPC systems are expected to be complete 
by 2018.’ 
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Arduino Display Shield modules 


D Systems has launched its new range 

of Arduino Display Shield modules. 
They provide an easy and fast way of in- 
terfacing the popular GOLDELOX-em- 
bedded range of OLED and LCD display 
modules with virtually all popular Arduino 
boards, such as the Arduino-Duemilanove 
and Arduino-Mega, as well as many other 
compatible boards. 


The 4Display-Shields come complete 
with the integrated 4D Systems OLED or 
LCD display module, a 5-way multi-switch 
joystick, and male headers that help con- 
nect the 4Display-Shield to the Arduino 
Boards. The 5-way joystick is connected to 
the Arduino D2, D3, D4, D5 and D6 pins, 
and communication between the 4Display- 
Shield and the Arduino takes place via the 
serial UART. The included display mod- 
ules, ranging from tiny 0.96-inch form 
factor up to a 1.7-inch full colour OLED 
screen, include a tiny yet powerful GOL- 
DOX graphics controller chip and a micro- 
SD connector that supports standard and 
HC memory cards, which can be used for 
storing images, icons, video clips and data. 

Prices range from $39 to $63 (£33 to £53 
approx). All modules are available for pur- 
chase from local 4D distributors or resell- 
ers, or directly from 4D Systems. All re- 
lated software tools are available as a free 
download from 4D Systems’ website at: 
www.4dsystems.com.au. 


New IMS prototyping service from PCB-POOL 


CB-POOL, the manufacturer of pro- 
totype printed circuit boards, has an- 
nounced the introduction of a new metal 
core (insulated metal substrate (IMS)) 
PCB prototyping service. 

Metal core PCBs are designed to transmit 
heat away from operating areas on the PCB 
or components to less critical areas, such as 
metal heatsink backing and metallic core. 

Designers of high intensity LEDs, power 
converters, automotive applications or any 
circuits requiring greater heat dissipation 
can now take advantage of reduced pricing 
and shorter lead-times offered within this 
new PCB-POOL service. Various machining 


methods have been integrated in the IMS 
manufacturing process, including the ability 
to produce threaded drills holes, counter sink- 
ing and controlled depth milling using the lat- 
est CNC technology. With IMS printed circuit 
boards, instead of the usual base material, 
aluminium is used as the carrier for copper. 


What’s on offer? 
@ One layer IMS PCBs 
@ No minimum quantity 


@ Various soldermask and silkscreen colours 
available 


®@ No tooling or set-up charges 

@ Lead-free HASL surface finish 

@ /.5mm thickness 

® /00um isolation layer 

@ 35um copper 

@ FREE laser SMT stencil with all prototype 
orders. 


Find out more at: www.pcb-pool.com; or 
call on FREE PHONE UK 0800 389 8560; 
email to: sales @ pcb-pool.com. 


Technobots opens new electronics shop 


OLLOWING continued growth in their 
electronic components range, Internet- 
based company Technobots has opened a 
retail outlet in Totton, Hampshire, stocking 
their full range of electronic and mechani- 
cal components. 


Now in their tenth year of trading, Techno- 
bots offers 5100 products, including specialist 
hobby electronic components from manufac- 
turers such as Sparkfun, Pololu and Canakit. 

According to Paul Cooper, Technobots 
MD, ‘we are really encouraged by feedback 
about the new Totton store. Customers have 
warmly welcomed the new outlet for com- 
ponents in the Southampton area, and ap- 
preciate being able to source a timing pulley 
or bearing for an Arduino controller project, 
all from one store’. 

EPE readers can get the Technobots 120- 
page A4 catalogue free with their next order 
by quoting EPE05. For more information, 
see the Technobots advert on page 59. You 
can visit Technobots’ website at: www. 
technobotsonline.com. 
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Photoshop Express app 


MAGING software giant Adobe has de- 
veloped an on-the-go iPhone/iPad ‘app’ 
for processing photographs taken with, or 
stored on Apple 10S 4 devices. ‘Photoshop 
Express’ is easy to use, simply drag your 
finger to edit or apply effects, for example: 
@ Crop, rotate, change colour with just a touch 
@ Give an extra glow with soft focus 
® Get artsy with sketch 
@ Apply one-touch effects like warm vintage 
and vignette 
@ Try any edit — you can undo it. 

The full Photoshop program for PC or 
Mac is not cheap, but Adobe have been gen- 
erous with this app, and it is available for free 
download from their website, see: 
http://mobile.photoshop.com/iphone 


—_—r 


. 


Photograph processed using the Photoshop 
Express app: top — original photograph, mid- 
dle — multi-coloured mosaic; and bottom a 
cropped, flipped and ‘sketch’ stylised version 
of the original. (Thank you model Shirley!) 


Constructional 


USBaClock 
Viti EDaReadouit 


This LCD USB Clock connects to your PC’s USB port. It 
synchronises its time with your PC — and ultimately an Internet 
time server — when your PC is on to maintain accurate time- 
keeping. It can also operate on its own using battery back-up, 
and has user-selectable display modes. 


LL recent PC operating systems, 

including Windows, provide 
services for NTP (Network Time 
Protocol), a protocol that’s used to 
synchronise your PC’s local time 
with an Internet time server. This 
USB Clock in turn synchronises 
with your PC’s clock, and provided 
you boot your PC regularly (and 
synchronise it to an Internet time 
server), it will maintain accurate 
timekeeping. 
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In use, the USB Clock is powered 
via the PC’s USB port when the PC is 
on. This also charges an internal NiMH 
battery. This battery powers the clock 
when the PC is off or when the clock 
is disconnected from the USB port. 

When the PC is off, the clock’s time- 
keeping is maintained by a 32.768kHz 
watch crystal. This is accurate to 
within +20ppm, giving a timekeeping 
accuracy of better than two seconds 
a day in stand-alone mode. 


Parte -ByAMAUROIGRASS! 


Control software 


By now, you’ve probably guessed 
that the LCD USB Clock is based on a 
microcontroller. In this case, we’re us- 
ing a PIC18F4550 micro to provide all 
the necessary functions. 

In addition, a small command-line 
program (usbclock.exe) is used to 
change the USB clock’s settings and to 
synchronise the clock’s time with your 
PC’s clock. This will be described next 
month. We’ll even show you how to 
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set-up your Windows operating system 
(using an entry in the Start-up folder) 
to automatically synchronise the USB 
Clock to the PC’s clock each time the 
machine boots. 

That way, you can install the software 
and forget it. In fact, this system will 
even take care of daylight saving time 
shifts. When your PC automatically 
adjusts for daylight saving, it automati- 
cally adjusts the USB clock as well 
(when it is next synchronised). 


Display modes 

This clock doesn’t just tell the time — 
that would be far too easy! Since it has 
a microcontroller, we can do all sorts of 
other stuff as well, such as displaying 
the time in either 24-hour or 12-hour 
format; displaying the date; displaying 
the charging current or the battery volt- 
age; and scrolling the display. 

Basically, there are 12 different 
display modes; Table 2 shows the 
complete list. 

So how do we step through these 
different display modes? Well, you can 
either do it by repeatedly pressing the 
front-panel pushbutton switch (S1) or 
you can use the usbclock.exe program. 

For example, if you press the 
switch once, the backlight comes on. 
Press it again and the LCD shows the 
day and the month in DD:MM format 
(ie, mode 1). Press it again, and the 
display steps to mode 2 to show the 
year, and so on. 

As stated, there are 11 display modes 
in all, the last two bring up scrolling 
displays. Mode 9 scrolls the time and the 
date, while mode 10 scrolls the time only. 

Prefer to control the clock via your 
computer’s keyboard instead? No 
problem — just type usbclock.exe -z:X 
at a command prompt, where ‘X’ is a 
number between 0 and 11, depending 
on the mode you want displayed. 

Want to display the date? Type 
usbclock -z:1. Want the battery charging 
current? Type usbclock -z:4. 

Once the selected mode has been 
displayed, the display automatically 
reverts to the default display mode at 
the end of a preset time-out, which has 
a default value of 30 seconds, but this 
can be changed if you wish. 

Naturally, you can also change the 
default display mode if you want. For 
example, you might want the LCD 
to show the date (mode 1) by default 
instead of the time (mode 0). We'll talk 
more about this in Part 2 next month. 


Constructional Project 


Advancediconstructorssonlly; 


This project uses a number of surface-mount ICs (including the microcon- 
troller) which means that very good soldering skills are necessary in order 
to build it. In addition, you may have to fiddle with your PC’s firewall (if you 
use a third-party firewall) as well as the one on your modem, to get your PC 
to synchronise with an internet time server. Therefore, we regard this project 
as being suitable for advanced constructors only. 


Backlight display modes 


An optional LCD backlight module 
allows the display to be read in the dark. 
There are three different user-selectable 
modes for this backlight: 


1) Backlight always on mode: the back- 
light is always on when the clock is 
plugged into a USB port. 


2) Automatic mode: the backlight auto- 
matically switches on between 6pm 
and 6am (ie, 18:00 and 06:00 hours), 
which means that the backlight auto- 
matically switches on at night. Note: 
the unit must be connected to a USB 
port for this mode to operate. 


3) Pushbutton only mode: in this mode, 
the backlight comes on for a preset 
time only when the front-panel 
pushbutton is pressed. The default 
time is five seconds, but this can be 
set for longer periods if necessary. 


When the clock is operating from bat- 
tery power, only the third backlighting 
mode (pushbutton mode) is available. 
In addition, the backlighting function 
is automatically disabled ifthe battery 
discharges below a preset voltage. 
This is done to conserve battery life 
and maintain timekeeping when no 
USB power is available for extended 
periods. 

The current drain without back- 
lighting is typically below 1mA. This 


increases to about 200mA when the 
backlight is on at 100% duty cycle. 


How it works 


The complete circuit of the LCD USB 
Clock is shown in Fig.1. As can be seen, 
it consists of a microcontroller (IC1), an 
LCD and a bit of supporting circuitry. 

The LCD is driven via two D-type 
octal transparent latches (IC2-IC3). 
These latches are only needed because 
there are not enough I/O pins available 
on the microcontroller. 

In operation, the microcontroller loads 
a 16-bit word into the latches to drive the 
segments of the LCD. Just how the LCD is 
driven is explained in some detail later. 

Power for the circuit is derived from 
the USB port on the computer, and is 
fed to pin 1 (+V) ofa USB Type-B socket. 
This pin is nominally at +5V, although 
in practice, it can be anywhere between 
4.75V and 5.25V, ie, 5V +5%. 

Diode D1 provides reverse polar- 
ity protection for the USB Clock’s 
circuitry. It also ensures that, when the 
PC is switched off (but the USB cable 
is left connected), the battery cannot 
discharge back into the PC’s USB port. 

When USB power is applied, the 
supply rail sits at about 4.4V. This is 
sufficient to power the circuit and to 
trickle-charge the three AAA NiMH 
cells used for the back-up battery. 


Malingkeatulre’s 


Automatically synchronises its time with your PC, and by extension, an 


internet time server 


Internal rechargeable battery to keep the time while disconnected from 


the PC 


4-digit LCD with optional dimming LED backlight 
All settings are changed by connecting to a PC 


Can display supply voltage and battery charge status, as well as date 
and time 


Low-power CMOS design for extended battery life 


Automatic backlighting mode 


Displays time in either 24-hour or 12-hour format. 
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Programming voltage 


1 Vpp (typically 13V) 

2 PGC Programming clock signal 
3 GND Ground reference 

4 GND Ground reference 

5 Noo ype 

6 PGD Programming data signal 


Table 1: this table shows the pin-out of 
the ICSP (in-circuit serial programming) 
header CON1. It can be used to program 
IC1 in-circuit using a programmer like the 
dsPIC Programmer featured in the May 
2010 issue of EPE. Other programmers, 
like Microchip’s PICKit2 can also be used, 
by connecting the pins appropriately. 


The 4.4V supply rail is bypassed 
using a 47uF electrolytic capacitor. 

Two 3.3Q resistors connected in 
parallel (to give 1.65Q) are used to 
limit the charging current through the 
battery. In addition, the voltage across 
these resistors is directly proportional 
to the charging current, and this volt- 
age is applied via a 15kQ resistor to the 
AN1 (pin 20) input of IC1. As a result, 
the applied voltage is digitised, and 
the resulting value is then used by the 
firmware to detect when the USB cable 
is disconnected. 


When that happens, the battery sup- 
plies power for the clock and the AN1 
input sits at a small negative voltage 
with respect to ground. The 15kQ resis- 
tor in series with the AN1 input limits 
the input current to avoid damage to this 
input. The 100nF monolithic capacitor 
bypasses the applied voltage signal. 

The other 100nF capacitors are used 
to bypass the main supply rail, while 
the 220nF capacitor is used to bypass 
the output of IC1’s internal 3.3V regu- 
lator at pin 37 (this is used to run the 
on-board USB transceiver). 


Crystal clocks 


A 20MHz crystal (X1) is used for the 
USB system and as the system clock. 
This crystal is connected between pin 
30 and 31 of IC1, while the two as- 
sociated 15pF capacitors provide the 
correct load to ensure that the oscil- 
lator starts reliably. An internal PLL 
multiplication stage and division stage 
are then used to derive a 48MHz clock, 
which is used by the USB system. 

Crystal X2 is a standard 32.768kHz 
watch crystal (32,768 = 2!) and is used 
for timekeeping. Its tolerance is less 
than 20ppm (parts per million) and it 
gives quartz watch accuracy, typically 
a second or two per day (or a minute 
per month at worst). However, this is 


0 Time is shown as HH:MM (hours:minutes) with the colon toggling at 2Hz 
(eg, 22:25 indicates it is 10:25pm). 
1 Date is shown as DD:MM (day:month) (eg, 17.07 indicates 17 July). 
2 Date is shown as YYYY (year) (eg, 2008 indicates the year 2008). 
3 Time is shown as MM:SS (minutes:seconds) with the colon toggling at 1Hz 
(eg, 25:59 indicates 25 minutes and 59 seconds past the hour). 
4 Battery charging current is shown in amps (eg, C.074 indicates 74mA). 
5 Supply voltage is shown in volts (eg, b4.48 indicates 4.48V). 
6 Battery charge state is shown in % (eg, b100 indicates 100% charge). 
3 Shows the current backlight PWM duty cycle as a percentage 
(eg, P080 indicates 80% duty cycle). 
The current state of the USB enumeration is shown as a number 
(eg, Usb6 indicates the clock is CONFIGURED and ready to receive data). 
8 0: DETACHED state 4: ADDRESS PENDING state 
1: ATTACHED state 9: ADDRESSED state 
2: POWERED state 6: CONFIGURED state 
3: DEFAULT state 
] The time and date are shown as a scrolling string. 
10 The time is shown as a scrolling string. 
11 Displays firmware version (eg, F1.00 refers to version 1.00). 


Table 2: the USB Clock has 12 display modes, as listed here. You step through them 
by repeatedly pressing switch S1 or by using the usbclock.exe program. 
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only relevant if the USB Clock is not 
synchronised regularly with the PC. 

The two associated 22pF ceramic 
capacitors provide the correct loading 
for this crystal. 


Measuring the supply voltage 

As mentioned, IC1’s Vysp pin (pin 
37) is the output of the microcontrol- 
ler’s internal 3.3V voltage regulator. 
This output is fed directly to the ANO 
ADC input at pin 19. 

Since this voltage sits very close to 
3.3V, this allows the microcontroller to 
measure its own supply voltage. This 
can be used to detect a low voltage con- 
dition and thus disable the backlight 
operation accordingly. 


Backlight circuit 


The backlight consists of four LED 
pairs connected in series (note: these 
are part of a complete module). This 
is preferable to a parallel connection 
because it ensures that the LEDs have 
exactly the same current flowing 
through them at all times, thus ensur- 
ing equal brightness. 

The downside of a series connection 
is that you need a much higher driving 
voltage, in this case around 16V, since 
the forward voltage drop of each LED 
pair is around 4V. This stepped-up volt- 
age is derived using IC4, which is an 
LM3519 ‘high-frequency boost white 
LED driver’. 

In operation, IC4 works from a sup- 
ply rail as low as 2.7V, and can gener- 
ate a constant 20mA through the LEDs. 
A 3.3uH RF choke, Schottky diode D3 
and the 4.7uF and 22uF bypass capaci- 
tors complete the backlight driver. 

The brightness of the backlight is 
controlled via the enable (EN) input 
(pin 1) of IC4 using PWM (pulse width 
modulation) from pin 36 (CCP1) of IC1. 
The PWM frequency generated by IC1 
is around 30kHz, and the duty-cycle 
is set by the firmware. In particular, 
the firmware automatically reduces 
the duty-cycle (and thus the backlight 
brightness) if it detects that the battery 
is ‘buckling’ under the load. 

Note that IC4’s ‘shutdown’ current 
is less than 1uA, making it ideal for 
battery-powered applications. 


Pushbutton switch 


Six-way header CON1 is used to 
connect pushbutton switch S1 be- 
tween pins 12/16 of IC1 and ground. 
Pins 12/16 are normally pulled high 
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via a 15kQ pull-up resistor, but are 
pulled low each time S11 is pressed. 

This switch is used to turn on the 
backlighting and to step through the 
different display modes (see Table 2). 

In addition, CON1 can also be used to 
program the microcontroller in circuit 
(ie, italso functions as an ICSP header). 
ICSP (in-circuit serial programming) is 
a vital requirement for any SMD micro- 
controller, as these are more difficult to 
program ‘out of circuit’ than standard 
through-hole parts. 
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UN DERSIDE OF BOARD 


top (left) and bottom (right). 


If you buy the USB Clock as a kit, 
then the microcontroller will be pre- 
programmed and you will not need 
to use this connector. By contrast, the 
‘home-brew’ constructor can use this 
connector to program the microcon- 
troller using the hex file that’s available 
from the EPE dowload site at: www. 
epemag.com. 

The ICSP pin connections for 
CON1 are shown in Table 1. 

The other header, CON2, is used to 
connect the standalone power source 


These two photos show the fully-assembled USB Clock module from the 


Fig.2: follow these 
layout diagrams to 
install the parts on 
the top side and on 
the underside of the 
PC board. The parts 
marked with an 
asterisk are installed 
only if the optional 
backlighting is 
required (see text). 


— the rechargeable battery pack (3 x 
900mAh AAA NiMH cells). 


Driving the LCD 


The firmware is responsible for all 
the clock functions, as well as driving 
the LCD. In operation, the display seg- 
ments are driven by a square wave with 
a frequency of about 25Hz. A segment 
is on whenever its driving signal is out 
of phase with the backplane signal (at 
pins 1 and 40). Conversely, a segment 
will be off whenever its driving signal 


Everyday Practical Electronics, November 2010 


| Cctertervvevesvrww eis 


This is alte shows the fully-assembled PC board before installation of the backlight and the LCD. 
Note the foam blocks which are used to support the backlight. 


is in phase with the backplane drive. 
The segment contrast is proportional 
to the RMS of the voltage applied to 
the segment relative to the backplane. 

Basically, we need 33 driving signals 
(28 for the LCD’s four 7-segment digits, 
four for the decimal points and the colon 
and one to control the backplane). In this 
circuit, however, the microcontroller 
(IC1) drives the display segments using 
just 18 lines. It does this by driving 16 
segments directly, while the other 16 
segments are driven by loading two 8-bit 
bytes (ie, from the same microcontroller 
outputs) into D-type octal transparent 
latches IC2 and IC3. 

This latching occurs very quickly 
(within nanoseconds), thus ensuring 
that the segment drive is very close to 
50% duty cycle. This is important to 
minimise the DC offset across the LCD 
segments, as excessive DC offset can 
destroy this kind of display. 

Pin 27 of the microcontroller pro- 
vides the LCD’s backplane signal. This 
directly drives pins 1 and 40 ofthe LCD. 


Full-speed (12Mbps) USB 2.0 


Another job of the firmware is to 
service the USB 2.0 port. Endpoint 0 
is implemented, as that is mandatory 
for any USB device. Endpoint 1 is 
implemented as well, and uses 64-byte 
data packets. These packets are used 
to communicate with the host program 
(usbclock.exe) on the PC via a custom 
Microchip driver (MCHPUSB). 


Each time the host program on 
the PC sends a 64-byte packet, the 
microcontroller in the USB Clock 
decodes it (according to the sent 
command) and updates its settings 
accordingly. The time is sent as a 
time data type, consisting of the 
hours, minutes, seconds, day of the 
week, day of the month, day of the 
year and year. 

In addition, the microcontroller 
keeps an internal record of the last 
successful synchronisation with the 
host. 

If the packet is successfully trans- 
mitted, the USB Clock sends a 64-byte 
packet back to the host program. 
It contains information on all the 
relevant settings of the USB Clock, 
and these can be accessed by run- 
ning the usbclock.exe program with 
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Fig.3: the 20-pin socket strip for the 
backlight is modified by removing the 
pins indicated in red. 
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The pins are removed from the 20-pin 
socket strip by cutting them off flush 
using sidecutters, as shown at left. 
The photo above shows the modified 
socket strip. 


the information option (ie, by typing 
usbclock -i). 

Next month, we’ll explain how to use 
the command line program usbclock. 
exe to communicate with and synchro- 
nise the USB Clock. This program can 
also be used to change various default 
settings. 


Software 


The software files are available for 
free download via the EPE Library site, 
accessed via Wwww.epemag.com. 


Construction 

Building the USB Clock requires 
good soldering skills, since a number 
of SMDs (surface mount devices) are 
used. However, the SMDs used have 
a relatively large pin spacing, so the 
job should be fairly straightforward. 


Id 


Constructional 


All the parts are mounted on a single 
PC board, code 779, measuring 63mm 
x 78mm. This board is available from 
the EPE PCB Service. Fig.2 shows the 
parts layout and wiring details. 

Note, those parts marked with an 
asterisk are installed only if you intend 
fitting the optional backlight. Note also, 
that if the backlight is fitted, you will 
need to use a transreflective 4-digit 
LCD, as specified in the parts list. 

Begin construction by inspecting 
the PC board for hairline cracks in the 
copper tracks and for shorts between 
closely-spaced tracks. That done, start 
the assembly by installing the wire links. 
There are nine of these, including one 
under the right-hand side of the LCD. 

Use tinned copper wire for the links. 
It can be straightened by clamping 
one end in a vice and then stretching 
it slightly by pulling on the other end 
with a pair of pliers. The resistors go 
in next. Their values can be checked 
using a DMM, before insertion. 

The three diodes are next. Note that 
these are all mounted vertically on the 
board. Make sure that all the diodes 
are correctly oriented and note that 
D1 is a1N4004, while D3 is a 1N5819. 
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BackdightgandglC Dxoptions 


If you decide to omit the backlight, use the reflective 
LCD module from Jaycar (Cat. ZD-1886). Reflective 
LCD modules reflect the polarised ambient light to 
create the contrast for the segments. However, they 
do not let light pass through from underneath and 
are therefore unsuitable for backlighting. 

If you do wish to have a backlight, you must use 
a trans-reflective LCD module instead (eg, Farnell 
Cat. 1989340). Atrans-reflective LCD module differs 
from areflective module in that it lets some light pass 
through from underneath, thus making it suitable 
for backlighting. 

The specified reflective and trans-reflective mod- 
ules are pin-for-pin compatible, so either will work in 
this circuit. They are both 4-digit static LCD displays 
that consume very little power, and so are ideal for 
battery-powered applications. 


The backlight 
plugs into 
the modified 
centre socket 
strip, so that 
it sits directly 
under the LCD. 


The 3.3uH RF choke (L1) can now be 
soldered into place. This also mounts 
vertically on the board. It looks like 
the resistors, so don’t get it mixed up 
with these parts (it should have a very 
low DC resistance). 

Now fit the four ceramic capacitors 
(2 x 15pF and 2 x 22pF). These are all 
located immediately to the left of the 
USB socket. Once they’re in, install the 
five monolithic capacitors (4 x 100nF 
and 1 x 220nF) and the three electro- 
lytics. Make sure that the electrolytics 
are all correctly oriented. 

Follow these with the two crystals 
(X1 and X2). The 32.768kHz watch 
crystal (X2) has very delicate leads, 
so be careful with these. This crystal 
should be mounted so that it sits hori- 
zontally on the PC board. Secure X2 in 
place with a small dab of silicone to 
prevent it from moving and fracturing 
its leads after it has been installed. 


Cutting the IC sockets 


The next step is to cut the two 40- 
pin IC sockets in half to obtain three 
20-pin strips (the remaining strip is 
discarded). Two of these 20-pin socket 
strips are used to mount the LCD, 


while the other is used to mount the 
backlight module. 

We recommend that you leave part 
of the middle connecting bar on the 
top socket strip (see photos) to provide 
support for the backlight module. The 
two socket strips for the LCD module 
should now be soldered into position. 

The socket strip for the backlight 
module can now also be mounted, but 
first you have to remove a number of 
pins. This is done by snipping them 
off using side-cutters, as follows: be- 
ginning on the left, remove two pins, 
then leave one, remove two, leave 
two, remove two, leave two, remove 
two, leave two, remove two, leave one, 
remove two (ie, 12 removed in total). 
Fig.3 shows the pattern. 

The modified socket strip can now 
be soldered into place. We also suggest 
adding a couple of foam pads, as shown 
in one of the photos, to provide addi- 
tional support for the backlight module. 

Once these socket strips are in place, 
install the USB socket and the 6-pin 
and 2-pin headers (CON1 and CON2). 

That completes the top of the PC 
board, apart from plugging in the 
backlight module and the LCD. Leave 
these two components out for the time 
being. They go in after the four SMD 
ICs have been installed. 


Soldering the SMD ICs 


The four SMD ICs (IC1 to IC4) are 
installed on the copper side of the PC 
board — see Fig.2. To install them, you 
will need a soldering iron with a fine- 
pointed tip, some very fine resin-cored 
solder, a pair of self-closing tweezers 
and good light. 
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Constructional Project 


This life-size view shows the completed unit before the lid is fastened into place. Take care to ensure that the LCD is 
the right way round and be sure to install the battery with the correct polarity. 


A magnifying lamp is also handy, or : 
failing that, a magnifying glass so that Soldeninghinshhe Surface=Mounti¢s 
you can inspect the soldered leads for 
possible shorts. | 

Begin by installing IC2 and IC3, the 
two 74HC573D latches. These have a 
larger pin spacing than IC1, and so are 
a good place to start. 

First, position IC2 on the PC board 


SHUTS 


os 


. 
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and ‘clamp’ it in place using the self- . Yayg5 539554 | . NMI 
closing tweezers (or a clothes peg). ———— tt oe ST —— : | 
Check that it is correctly oriented (ie, The PIC microcontroller (IC1) is mounted by soldering pins 21 and 22 (top- 


with pin 1 positioned as shown on right of IC1) first. Any solder bridges between pins (eg, as indicated by the 


Fig.2), then carefully solder pin 10 red circles in the centre photo) can be cleared using solder wick. 


to its pad. 

Now do the same for pin 20, which 
is diagonally opposite. The IC will now 
be firmly anchored in place and you 
can remove the tweezers and carefully 
solder the remaining 18 pins. 

Repeat this procedure for IC3, then 
move on to [C1 (PIC microcontroller). 

IC1 is slightly more difficult to install 
because its pins are closer together. 
As before, take care to ensure that it is 
properly oriented and clamp it accurate- 
ly in position before soldering its pins. 


4 


The photo on the left shows IC3 
and IC4 mounted in position, 
while above is a close-up of 
IC4. Make sure that all ICs are 
correctly oriented. 
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1 PC board, code 779, available 
from the EPE PCB Service, 
size, 68mm x 78mm 

1 Type B USB socket (Jaycar 
PS-0920) 

1 Handheld case, size, 79mm x 
117mm xX 24mm, with battery 
compartment 

1 transreflective 4-digit + colon 
LCD (Farnell 1989340)*, OR 

1 reflective 4-digit + colon LCD 
(Jaycar ZD-1886) 

1 20MHz crystal, HC49US case 
(X1) 

1 32.768kHz watch crystal, 
+20ppm (X2) 

1 SPST momentary pushbutton 
switch ($1) 

1 3.8uH RF Choke (Jaycar 
LF-1516)* 

2 40-pin DIL IC sockets 

1 6-way header, 2.54mm pitch 
(CON1) 

1 2-way header, 2.54mm pitch 
(CON2) 

3 900mAh (or better) NIMH AAA 
rechargeable batteries with 
solder tabs (Jaycar SB-1724) 

150mm dia. x 300mm length 
of Thermotite heatshrink, for 
battery pack 

1 Type A to Type B USB cable 
(Jaycar WC-7700) 

2 header plugs (2.5mm pitch) 

1 120mm-length of medium-duty 
hookup wire (red) 

1 120mm-length of medium-duty 
hookup wire (black) 


In this case, the best pins to solder 
first are pins 21 and 22 at top right (see 
photo). These are soldered to the same 
pad, so they’re easier to deal with. Af- 
ter that, solder pin 1, then remove the 
clamp and solder the remaining pins. 

The trick here is not to apply too much 
solder. Use it sparingly and be sure to 
solder each pin quickly. You don’t want 
to apply too much heat for too long, oth- 
erwise you could damage the IC. Don’t 
worry if you get solder bridges between 
adjacent pins at this stage — just move 
onto the next pin and keep going. 

After you’ve finished soldering the 
44 pins, you can remove any solder 
bridges using solder wick braid. This 
is done by laying the wick along the 
pins and then applying the soldering 
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1 30mm length of 0.7mm tinned 
copper wire 
4 6g self-tapping screws 


Semiconductors 

1 PIC18F4550-I/PT microcontroller 
(TQFP44 package) (IC1) (Farnell 
9321365 — NOT programmed) 

2 74HC573D octal D-type 
transparent latch (SO20 
package) (IC2-IC3) (Farnell 
1201326) 

1 LM3519MkK-20 LED driver IC 
(SOT-23 6 package) (IC4) 
(Farnell 1312717)* 

1 LTR24S360-4YG LED backlight 
module (Farnell 1208878) * 

1 1N4004 diode (D1) 

1 1N4148 signal diode (D2) 

1 1N5819 Schottky diode (D3)* 


Capacitors 

1 47uF 16V radial electrolytic 

1 22uF 25V radial electrolytic* 
1 4.7uF 16V radial electrolytic* 
1 220nF monolithic 

4 100nF monolithic 

2 22pF ceramic 

2 15pF ceramic 


Resistors (0.25W, 1%) 
4 15kQ 2 3.30 
1 15kQ2* 


Footnote 

Parts marked with an asterisk 
(*) are required for optional LCD 
backlighting only. 


iron to the wick to ‘suck’ up the excess 
solder (see photo). 

IC4 (LM3519) can now be installed. 
It’s quite small and comes in a 6-pin 
SOT-23 package. Once again, make sure 
it is correctly oriented before soldering 
its pins. Pin 1 is adjacent to the chamfer 
along one edge of its body (see Fig.2). 

In practice, it’s easiest to solder pin 
6 first, since its PC pad is larger than 
the others. The remaining five pins can 
then be carefully soldered. 

Now carefully inspect each IC with 
a magnifying glass to make sure that 
everything is correct. In particular, 
look for solder bridges and for pins 
that haven’t been soldered. 

Note: for further information on 
soldering SMDs, refer to the feature 


article which appeared in the July 
2010 issue of EPE (photocopies only). 


LCD and backlight installation 


Now that the ICs are all in place, 
install the backlight module into its IC 
socket strip, then fit the LCD module. 
Take care with the orientation of the 
LCD — pin 1 goes to bottom left. 


Making the battery pack 


The battery pack consists of three 
NiMH AAA cells with solder tabs. 
These are connected in series, as shown 
in Fig.5 to give an output of 3.6V. 

To make up the pack, first lay two 
batteries together side-by-side but fac- 
ing in opposite directions. Solder their 
tabs together, then sit the third battery 
in the channel formed by the first two 
and solder its tabs. 

It’s then just a matter of adding the 
output leads (red for positive, black for 
negative) and using some heatshrink to 
secure the cells into a pack. The output 
leads are terminated in a 2-pin header 
and this should be fitted before the leads 
are connected to the battery. Warning: 
be careful not to short any of the cell 
terminals or the output leads. NiMH 
batteries can supply lots of current. 


Final assembly 


The assembly can now be completed 
by installing it in the specified case. 

As shown in the photos, the PC 
board is secured to integral stand-offs 
in the bottom of the case using four 
6g self-tapping screws. The battery 
sits in a separate compartment and 
is plugged into CON2, but don’t do 
that just yet. 

Next, you will have to drill a hole in 
the lid of the case for the switch, and 
cut out a window for the LCD. The 
full-size front panel artwork is shown 
in Fig.6. You can, if you wish, make 
two photocopies of this artwork — one 
for a drilling plate, the other for a front 
panel label. 

Once you have copied Fig.6, attach 
a copy to the front panel (lid) using 
double-sided tape, then drill the hole 
for the switch. Use a small pilot drill to 
begin with, then carefully enlarge it to 
10mm diameter using a tapered reamer. 

The window for the LCD is best 
made by drilling a series of holes 
around the inside perimeter. The 
centre-piece is then cut out using a 
small hacksaw, and the job is then filed 
to a smooth finish. 
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Fig.4: switch S1 TO CON] VIA 


connects to pins 2 


and 4. of CON1 viaa PIN 
2-pin header plug. 2 
PIN 
A 


TO CON2 VIA 
2PIN HEADER PLUG 


BACKLIGHT 


51 x 23mm 
LCD CUTOUT 


USB ECLOEIK 


Fig.6: this full-size artwork can be 
used as a drilling template. 


The drilling template should now 
be removed and a new front-panel 
artwork can be attached to the drilled 
panel. It can be affixed using double- 
sided tape or by using a thin smear 
of silicone sealant. The label should 
be protected by covering it with some 
wide strips of clear adhesive tape 
before cutting it out and attaching it 
to the front panel. . 

Cut out the holes in the front panel 
label using a sharp hobby knife, then 
mount the switch in position and 
attach a couple of 100mm-long 


2-PIN HEADER PLUG 


Constructional 


Fig.5: the battery 
pack is made up by 
connecting the NiMH 
cells in series. Use 
heatshrink sleeving 
to secure the cells 
together in one pack. 


flying leads. These leads are then 
terminated in a 2-way header, which 
is then plugged into pins 2 and 4 
of CON1. 


Testing 


Assuming IC1 is programmed, apply 
power by plugging the battery pack 
into CON2. Be sure to connect the 
battery the right way round, as there 
is no on-board protection against a 
reversed battery connection. 

As soon as you apply power, the 
LCD should show a default time of 
12:00, assuming that the battery is 
charged. If the battery isn’t charged, 
then you will have to apply power by 
plugging the USB Clock into the USB 
port of your PC. 

The clock should then briefly flash 
the word ‘SYnc’ and then repeat this 
every 15 seconds, indicating that it 
hasn’t been synchronised. If it does 
that, then it is working correctly and 
the lid can be attached. 

It’s now simply a matter of in- 
stalling a driver plus the usbclock. 
exe program on your PC and then 
running the program to synchro- 
nise the USB Clock. We’ll describe 
just how this is done in Part 2 next 
month. We’ll also show you how to 
synchronise your PC to an internet 
time server and describe how to run 
usbclock.exe automatically each 
time your PC starts. 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2010. 
www.siliconchip.com.au 
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Now you are in control 


The MIAC rugged PlCmicro 
microcontroller is an industrial grade 
controller which can be used to 
control a wide range of different 
electronic systems: for mains 
switching, motor control, sensor 
monitoring and much more. 


ef=lelslel= 


» 4 


Rugged PIC |18F4455 

Programmable from USB - 

download software provided 

>» Compatible with third party 
PlCmicro, BASIC and C compilers 

» Includes free Flowcode 3 graphical 

programming software (no 

upgrade rights) 

8 digital or analogue inputs 

>» 4 relay outputs - 8A 

>» 4 motor outputs with speed 
control - 12V, 500mA 

» 4 line 16 character display 

>» Control keypad 

>» Fully networkable via built in 
CAN bus 

» Lab View and Visual Basic 
compatible - DLL supplied 

» In-Circuit Debug over USB with 

FlowKit 


STM 1 AIX 


multimedia.com 


Vv 


We 


www. 
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Part 2: By JOHN CLARKE 


Last month, we published the circuit of our new LED Strobe and 
Tachometer, and showed how to build the main unit and the strobe 
light. This month, we describe the assembly of the optional Photo- 
Interruptor and IR Reflector Amplifier boards. We also describe 


how the unit is used. 


ET’S start with the assembly of 

the Photo-Interruptor board — see 
Fig.11. This board is coded 777 (Inter.) 
and carries just the photo-interruptor 
itself, a 150 resistor and three PC 
stakes. This board is available from 
the EPE PCB Service. 

The assembly should take only a few 
minutes. Just be sure to install the photo- 
interruptor with the correct orientation, 
ie, with its diode symbol (indicated in 
blue on Fig.11) on the righthand side. It 
should be secured to the PC board using 
two M3 x 6mm screws and nuts before 
the leads are soldered. 
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The completed assembly is wired 
to a 3.5mm jack plug using 2-core 
shielded cable, with the shield wire 
used as the OV (GND) connection (ie, 
it goes to the sleeve) — see Fig.6 in 
Part 1 last month. Make sure that the 
tip and ring connections are made 
correctly. The tip connection is right 
at the end of the plug, while the ring 
is the separate section just behind 
the tip. 

The OV or ground terminal is the 
main body connection. Use your 
multimeter to identify the jack plug 
terminals if you are unsure. 


Interrupt test 


To test the unit, plug it into the main 
unit, apply power, set the unit to Trigger 
mode and then return to the main RPM 
display. Ifa slotted disc (or some other 
opaque shape) is now rotated through 
the photo-interruptor, areading should 
appear on the display. In addition, the 
strobe should flash each time the light 
path is interrupted. If this doesn’t hap- 
pen, check your connections. 

In practice, this unit is intended to 
be used with a small slotted disc (see 
photo) that spins within the gap of the 
photo-interruptor (ie, the disc is driven 
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PHOTO INTERRUPTOR BOARD 


by the rotating machinery). You will 
need to manufacture the disc to suit 
your application. 

The completed Photo-Interruptor 
board can be attached to a fixed section 
of the machine. It is important to mount 
it using nylon (not metal) spacers at 
the output end, to prevent shorts to the 
soldered joints. 


IR Reflector Amplifier 


The IR Reflector Amplifier circuit is 
built on a PC board coded 778 (Reflect) 
and measuring 53mm x 32mm. This is 
housed in a plastic utility box measur- 
ing 82mm x 53mm x 31mm. 

Fig.12 shows the assembly details. 
Begin by installing the resistors. Fol- 
low these with IC2, making sure it goes 
in with the correct orientation, then 
install the three electrolytic capacitors. 
Be sure to mount these capacitors with 
the correct polarity. 

Finally, complete the board assem- 
bly by installing the three PC stakes, 
the infrared LED (IRLED1) and the 
infrared photodiode (IRSENS1). Note 
that IRLED1 is mounted at full lead 


The IR reflector amplifier board must also be mounted 
on nylon spacers, to avoid shorting tracks. 


Fig.11 (above): make 
sure you get the photo- 
interruptor theright way 
round when building 
| the photo-interruptor 
board (ie, diode symbol 
to the right). The PC 
board is mounted on 
nylon standoffs, to avoid 
shorting the tracks. 


Constructional 


length, so that it can later be bent over 
horizontally to protrude through the 
side of the box. Take care with the 
orientation of both these parts. 

An accompanying photo shows how 
the board is mounted in its plastic 
case. It sits on four M3 x 6mm tapped 
nylon spacers, and is secured using 
M3 x 12mm countersink nylon screws 
and M3 nuts. 

Two holes are drilled in one end of 
the box for the IR LED and photodi- 
ode, while another hole is drilled at 
the other end of the box to accept a 
cable gland. 

As before, the PC board is wired toa 
3.5mm jack plug using 2-core shielded 
cable, with the earth shield used as the 
OV (GND) connection — see Fig.7 last 
month. Once again, make sure you get 
the tip and ring connections correct. 


Testing the IR reflector board 


Having completed the assembly, 
the next step is to test the IR Reflector 
Amplifier for correct operation. To do 
this, first plug it into the trigger input 
of the LED Strobe and Tachometer 


TIP 

3.5mm 
PLUG SLEEVE 
RING 
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Aslotteddiscattached 
to a shaft rotates 
through the slot inthe 
-photo-interruptor, 
to interrupt the light 
path. The resulting 
pulses are then fed 
into the tacho unit. 


unit, then set the Trigger mode and 
return to the main RPM display. 
Now wave your hand in front of the 
sensor end of the IR Reflector box and 
check that the LCD shows an RPM read- 
ing. If this doesn’t happen, then you 
need to check your wiring connections. 
Note that as well as picking up 
reflected signals from IRLED1, the cir- 
cuit will also detect signals from other 
infrared sources, such as incandescent 
lights running on the 50Hz mains. This 
means that RPM measurements are best 
done in natural light or subdued light. 
Measuring the RPM of a machine 
should be done with the sensor about 
30mm to 40mm away from the rotat- 
ing shaft or fan. This means that you 
must exercise a great deal of caution, 
to ensure that neither the sensor or any 
part of your body touches any moving 
parts. In complex situations, the best 
approach may be to mount this sensor 
unit in a fixed position before switch- 
ing the machine on. In short, use your 
common sense. 
Note that as well as displaying the 
RPM value, the LCD also indicates 


IR REFLECTOR AM PLIFIER BO ARD 


Fig.12: follow this diagram to build the IR reflector amplifier. 
Take care to ensure that IR SENS1 and IR LED1 are installed 
with the correct polarity. 
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Using White LEWs as Stroless LUStING a mrviln 


EFORE attempting to use a white 

LED as a strobe we had to be sure of 
its suitability. Initially, we had our doubts 
because we had read somewhere that 
white LEDs cannot be strobed at a fast 
rate. The reason given was that unlike 
coloured LEDs, white LEDs contain a 
phosphor and the persistence of this 
phosphor prevents them from switching 
on and off at a fast rate. 

One of the reasons behind this story is 
that most ofthe phosphors we are familiar 
with do have long persistence. These 
include those used in toys that glow for 
hours after being exposed to light, and in 
fluorescent lights that continue to glow for 
ashorttime after being switched off. Simi- 
larly, some white LEDs do glow for a short 
period after the power is switched off. 

In this case, we wanted to use a Luxeon 
white LED as a strobe for this project, so 
we Set out to test its suitability. First, we 
checked the manufacturer’s data sheet, 
and this specified less than 100ns for both 
the turn-on and turn-off periods. 

From this, it is clear that white Luxeon 
LEDs do indeed switch on and off very 
quickly and so would be quite suitable 
for our proposed strobe. 


How they’re made 


Further research on the web revealed 
that there are several ways in which white 
LEDs can be made. One way is to use red, 
green and blue LED chips and mix their 
outputs together to produce white light. 
These have a fast response because no 
phosphor is involved in converting the 
colour. 

Another way to achieve white light 
is to use a phosphor that converts the 
emission from a single colour LED into a 
white spectrum. There are two types, one 
based on a blue LED and the other ona 
near-ultraviolet LED. 

The blue-LED-based white LEDs use 
a phosphor that adds in colours toward 


rotation by displaying an Up or Down 
arrow that flashes on and off. Note also, 
that it may be necessary to average the 
readings to account for slight speed 
variations while the machine is running. 


Using the strobe/tacho unit 


Each time you switch it on, the 
strobe/tacho unit shows the main 


Ze 


the yellow end of the spectrum 

so that the combination of the 

blue light and the phosphor 

emission produces a white light. 

This construction is the most © “E 
common form used for white 
LEDs. However, the phosphor 
used does not phosphoresce 
but emits light by a process 
called ‘scintillation’, an effect 
that has no light persistence. 

The alternative white LED 
construction is notso common 
and is based onanear-UV LED 
and a mixture of a red and blue 
emitting phosphors, plus a green emit- 
ting copper and aluminium-doped zinc 
sulphide. The emission works in a similar 
manner to fluorescent lights. We do not 
have any information about the response 
time for these LED types, but presumably 
these do have a long persistence. 

For our strobe, we use the more com- 
mon blue-LED-based white LED. This 
type is manufactured by Luxeon, Cree 
and several others. 


Measuring the response time 


To further assess its suitability, we 
decided to measure the response time of 
a 1W Luxeon white LED. This was done 
using a phototransistor to detect the white 
light, as shown in Fig.13. 

This circuit uses a low-value (1kQ) 
collector (C) resistor to ensure that the 
phototransistor switches on quickly. In 
addition, the 100Q resistor from base (B) 
to ground ensures that the phototransistor 
quickly switches off in the absence of light. 

By pulsing the LED and monitoring 
this on one channel of a 200MHz oscil- 
loscope, we could measure the response 
at the collector of the phototransistor on 
the second channel of the oscilloscope. 
We measured the rise-time for both a 
1W white Luxeon and a Cree XR-C white 
LED from 10% to 90% full brightness to 


readout on the LCD. This will either be 
in Generator mode or Triggered mode, 
depending on the last selection. 

In Triggered mode, the LCD shows 
the RPM on the top line, then the word 
‘Trig’ and either an Up or Down arrow 
if there are incoming trigger signals 
from an external sensor. This arrow 
will flash on and off, with an Up arrow 


FTP100 


100Q 


+5V 


TO 
OSCILLOSCOPE 


| 


Fig.13: this simple phototransistor circuit was 
used to measure the response time of the white 
LED used in the strobe. 


be just 290ns, which is really quite fast. 
The ‘fall-time’ response from 90% to 10% 
brightness was 360ns. 

Next, we wanted to make sure that we 
were measuring the response time of the 
phosphor rather than the light from the 
blue LED itself. To do this, we placed a 
Polaroid red circular polarising filter over 
the white LED to block the blue spectrum 
from the phototransistor. When we did 
this, the response times remained the 
same, although the amount of light avail- 
able for the measurement diminished 
markedly. 

This all means that the white LED 
response is very likely to be better than 
100ns, just as the manufacturers claim. 
The slower response times we measured 
are actually the phototransistor response 
times — ie, the phototransistor is slower 
than the white LED. 

From this, it is clear that the 1W white 
LEDs specified are more than fast enough 
for strobe applications. However, one 
question remains: if white LEDs do have 
a fast response, why do some continue 
to glow for a short time after the power is 
switched off? 

The main reason is because they 
are often driven by a supply with a filter 
capacitor, and it takes time for the filter 
capacitor to discharge after switch off. 


displayed when rising-edge triggering 
is selected and a Down arrow when 
falling-edge triggering is selected. 
The second line shows the frequen- 
cy in Hz and following that the di- 
vision ratio (ie, 0.5 and 1 to 8). An 
asterisk (*) on the far right-hand side 
is displayed whenever the strobe is 
flashing correctly, but is not displayed 
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when the strobe LED is continuously 
lit (as happens when the flash period is 
longer than the time between flashes). 

In the Generator mode, the display 
shows the RPM in the top line, fol- 
lowed by the word ‘Gen’. The second 
line shows the frequency in Hz. As 
before, an asterisk (*) is shown on the 
right-hand side when the strobe LED 
is flashing. 

In this mode, RPM adjustments are 
made using the Up and Down switches 
and the fine adjust potentiometer 
(VR1). The Up and Down switches 
adjust RPM in 100 RPM steps, while 
the potentiometer adjusts in 1 RPM 
steps over a 100 RPM range. 

Selection of either mode is made 
using the Mode switch. When pressed, 
the display shows ‘Trig/Gen’ on the top 
line and the selection (either ‘Gen or 
Trig’) on the second line. The selection 
is then made using the Up or Down 
switches. 


Options 

When the Generator mode is se- 
lected, a further press of the Mode 
switch brings up the ‘Flash Mode’ 
option. This can be set to either ‘Au- 
tomatic’ or ‘Fixed’ using the Up and 
Down switches. 

Pressing the Mode switch again 
brings up the ‘Flash Period’ setting. 
If the ‘Fixed’ mode is selected, the 
period can be adjusted from 32us to 
6.5ms, in 25.4us steps. The display 
shows the value in ‘us’ for readings 
less than 1000us (1ms) and in ‘ms’ for 
readings above 1ms. 

Note that because the flash period is 
fixed, it is possible for the frequency of 
the RPM signal to be high enough for 
the LED to stay fully lit (as indicated 
earlier), ie, when the unit is flashed at 
a faster rate than the update period. 

Correct operation is indicated by an 
asterisk (*) at the lower right-hand side 
of the LCD. When the asterisk appears, 
the strobe is flashing. Conversely, 
if the strobe is lit continuously, the 
asterisk is off. 

If the Automatic mode is selected, 
then the display will show the auto- 
matic percentage value from 1% _ to 
10% (ie, this is the strobe’s duty cycle). 
This value is altered using the Up and 
Down buttons. 

Pressing the Mode switch again 
returns the unit to the main tachom- 
eter display mode (showing RPM and 
frequency). 


Trigger mode 


The Trigger mode allows even more 
selections. These are Edge, Division, 
Flash Mode, Flash Period and Averag- 
ing (of the reading). As before, these 
are selected using the Mode switch. 

First, the trigger edge can be set to 
either rising or falling. In this case, 
the LCD shows ‘Edge’ on the top line, 
while the second line shows either 
‘Rising’ followed by an Up arrow or 
‘Falling’, followed by a Down arrow 
(depending on the selection). The Up 
and Down switches allow the setting 
to be changed. 

The Division selection allows the 
number of incoming trigger pulses to 
be divided by a set value, to give the 
correct reading on the LCD. When 
this is selected, the top line shows the 
word ‘Division’, while the second line 
shows the divide-by value. Division 
values of 0.5 and from 1-8 are avail- 
able, and are again selected using the 
Up and Down switches. 

For example, if you wanted to use 
the IR reflector sensor to measure the 
rotational speed of a three-blade fan, 
the division value would be set to three. 

The Flash Mode and Flash Period 
settings are adjusted in the same way 
as the Generator mode. The Averag- 
ing mode is included to smooth out 
irregular measurements on a machine 
that is not running smoothly. You can 
average over 1 to 10 measurements and 
this is set using the Up and Down but- 
tons. Higher averaging may be useful 
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when the measured machine rotation 
varies markedly. 

Finally, when the main RPM and 
frequency reading is displayed, the 
strobe firing position can be altered 
using the Up or Down switches. Note 
that this feature is available only when 
the division is set to two or more. 


Using a Hall effect sensor 


If you wish, you can use a Hall 
effect trigger instead of the photo- 
interruptor. As with the latter, this can 
be wired directly to the tachometer 
unit using 2-core shielded cable and 
a stereo 3.5mm jack plug. 

Note that the supply for the Hall 
effect sensor connects between the 
ring (+5V) and the ground OV. The tip 
connection is for the Hall effect sen- 
sor’s output signal. EPE 
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Warning! 


Flashing lights, particularly in the 
lower frequency range from about 
5Hz (300 RPM) and upward can 
induce seizures in people subject 


to photosensitive epilepsy. Flashing 
lights can also trigger a migraine 
attack. It is recommended that 
people prone to these effects avoid 
stroboscopic lights. 


pie, 


Take Good Care 
Of Yourself 


S 


TT 
Tecnnolalk 


Mark Nelson 


So sang The Three Degrees, and Mark reckons it’s not a bad policy for us too. 
Here’s an assortment of news items from recent months that tend to support 


SD ei care of yourself includes 
avoiding risks with electronics, and 
while you face few risks assembling 
hobby projects, that’s not the case when your 
creations eventually go to landfill. Not your 
problem? Well, that’s not what the authorities 
think, and since 2006, regulations have been 
in force to restrict the use of hazardous 
substances. Known as the RoHS regs, their 
proper name is the Restriction of the Use of 
Certain Hazardous Substances in Electrical 
and Electronic Equipment Regulations 2008. 
The UK government website is at www. 
rohs.gov.uk and all of the major electronic 
component distributors provide information 
as well. 

Farnell, for instance, has revised its RoHS 
Directive Technical Guide to bring readers 
fully up to date. Hobbyists are not bound 
by the regulations (yet!) if they assemble 
projects for their own use. However, if you 
are a freelance designer and develop projects 
for commercial clients then you need to 
understand the regulations, including the 
exemptions that used to exist but which have 
now been revoked. 

The company has done an excellent job 
with this illustrated guide, which is actually 
quite interesting to read, especially if you wish 
to know about dendrites, tombstoning and 
the popcorn effect. There is also a revealing 
section on how to troubleshoot negative 
reliability issues with lead-free solder. You can 
download it at: http://tinyurl.com/2wnsmxm 


PVC to be banned? 


Future RoHS regulations are likely to restrict 
the use of more materials, and some will be 
banned in electronics products. Green groups 
have been agitating for the plastic PVC, used for 
70 years or more to insulate wires and cables, 
to be banned, and at one stage the European 
Parliament looked likely to sanction this. 

Uncontrolled burning of devices containing 
PVC and other chlorinated or brominated flame 
retardants releases very toxic and carcinogenic 
dioxins, which is a significant problem in 
developing countries where electronic waste 
is routinely burned in open fires. European 
manufacturers argue that developing 
alternatives to these products would cost a 
fortune and banning them in Europe alone 
would not protect people in other continents. 

Although RoHS is itself a European 
initiative, there are comparable activities in 
Asia. The Chinese government has had its own 
ROHS scheme in place since 2007, and while 
there are no restrictions on substances in Japan, 
most domestic and commercial products that 
contain potentially harmful substances must 
be marked clearly under what is called J-Moss 
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this guiding principle. 


(Japan Ministerial Ordinances). Conveniently 
for international trade, the substances and 
maximum concentration values are the same 
as in Europe, and this requirement came 
into force on | July 2006, the same day as 
European RoHS. 


Weren't me, guv... 


The newspapers have been full of reports 
about criminals who deliberately stage 
road accidents and submit false claims 
for compensation. There was better news 
in August, when thirteen people were 
sentenced after an investigation into the 
gang’s unwelcome activities. Equally 
pleasant to read was the good news that 
an impending insurance claim against an 
innocent van driver was dropped after his 
employer’s onboard vehicle tracking system 
proved he could not have been involved. 

In this triumph of electronic technology, a 
heating engineer was accused of driving at an 
excessive speed and colliding with a driver 
on a country road near Exeter, smashing 
his wing mirror. The employee disputed the 
allegation and was vindicated by the in-cab 
fleet management system that managing 
director Tim Ford had installed. 

Explained Tim, ‘We invested in Navman 
Wireless vehicle tracking three years ago, 
and so were in a position to discover which 
engineer was allegedly responsible and 
generate a report detailing his precise speed 
and location at the time of the purported 
incident. Our employee maintained he had 
pulled over, giving way to the other driver 
and that it was therefore not correct that he 
was travelling at speed. This was proven by 
consulting the data records, and when faced 
with the evidence, the accuser backed down. 

All too often we find that easily identified 
liveried vehicles are blamed for collisions, as 
telephone numbers can be obtained and false 
claims made. We’re delighted to have evidence 
available, at the touch of a button, via the fleet 
management system.’ 


Save your pennies 

On a related theme, the world’s global 
leader in satnav receiver sales warns that using 
your mobile phone satellite navigation for a 
journey abroad could cost twice as much as 
the fuel. Garmin found that using one of the 
most well known turn-by-turn navigation 
services on a mobile phone generated a bill of 
£36 in data roaming charges during the 185- 
mile journey from Calais to Paris — that’s an 
eye-stinging 20 pence a mile. 

Garmin’s head of communications, 
Anthony Chmarny said: “Using free satellite 
navigation isn’t as free as it would like to 


make out, especially when you are using 
your mobile phone abroad. Many of the 
well known navigation products use the 
mobile phone network to download maps 
as they go, meaning people could end up 
with a nasty shock when their mobile phone 
bills arrive: the costs could be double that 
of the fuel used for the journey they were 
navigating.’ 

The only consolation for the unwary is that 
since the beginning of July, mobile phone 
users will be cut off automatically (unless 
they request otherwise) once they have spent 
50 euros on data, although this could leave 
them in the absurd position that they get half 
way through a journey and no longer have 
access to navigation to complete it. 

The advice from Garmin is to check 
whether your mobile phone application 
has maps included or if it relies on the 
mobile network to download maps (with 
the risk of incurring huge mobile bills). 
Of course, many standalone  satnav 
devices have route data built in and some 
smartphones have on-board mapping, 
meaning they do not need to download 
data information. 

A handy tip published in trade magazine 
Land Mobile is that the free Ovi Maps 
navigation software for Nokia smartphones 
includes an option to download mapping 
beforehand to the phone’s memory card. 
This avoids the need to rely on data roaming 
altogether. 


Finally 


The assertion that mobile phones rot 
your brain has been dealt another blow by 
an announcement from the Institution of 
Engineering and Technology (IET), which 
is Europe’s largest body of engineering 
and technology professionals. A new 
‘position statement’ from its Biological 
Effects Policy Advisory Group states that, 
‘the overwhelming majority of the evidence 
does not indicate that normal exposure 
to low-level electromagnetic fields has 
harmful health effects and _ there is no 
persuasive evidence that normal mobile 
phone usage, or exposure to pylons and 
power lines, causes harmful health effects 
such as cancer.’ 

IET fellow Prof. Tony Barker sums up: 
‘The absence of robust new evidence of 
harmful health effects in the past two years 
is reassuring and is consistent with findings 
over the last two decades.’ 

Whether this will pacify the angry brigade 
who demand full mobile coverage wherever 
they roam, but oppose new base stations 
remains to be seen. 
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2 operating functions: on/off function 
Functions with most mobile phones 
No need to open/modify phone “~ 


For resistive and inductive loads (halogen) 
13 different functions 


Saves data at shutdown 


ee 


Multifunction dimmer kit 
Microcontrolled regulation for light 

bulbs and halogen lighting. 13 modes, - 
pulse switch, simple dimmer, stairwell 
automatic, slow on and off, and more. 
Product code: 130152 


Remote control via mobile 
phone - MK160 


Allows you to switch devices on and off 
using your mobile phone with AM/FM. 
Product Code: 190951 


Frequency range 100kHz...1GHz 
In-built AM and FM demodulator (headphone output) 


Control soil humidity in gardens 
Quick and easy installation 
Switch on/off sprinkler system 


= 


Soil moisture sensor 

Measures the ground moisture and can be 
used to switch on/off your garden water 
pump when needed. I2v cable included. 
Product Code: 191179 


Hameg Spectrum Analyser 
The Spectrum analyser of the HMS series 
unites various equipment. 

Product Code: 123044 


Credit Card Holders Telephone - 


0844 826 2850 


Check out all our great ideas 


WWW.CONRAD-UK.COM 


ONRAD 


Full of ideas 


Europe's Leading Electronic Specialists 


EUROCARD. (fare 
3 uz) 


Infrared anti-collision system 
Small radius movement 5 


Robot System Pro-Botl28 


Beginner's Set 

The robot PRO-BOT128 available as a 
kit forms the ideal basis for entering 
the world of electronics, mechanics and 
programming. 
Product Code: 190406 


Load profile measurements up to 45 days 
Quick and reliable configuration 


Fluke 1735 power logger 

Ideal power meter for conducting energy 
studies and basic power quality logging. 
Product Code: 122508 


Value-for-money ideal for Labs, Schools etc 


- = 
osc 


Digital Oscilloscope DS1052E 
High-quality dual-channel digital oscilloscope 
with professional features. 

Product Code: 122422 
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Microphonespieampation 
andaviPsiplayers 


Want to connect a professional microphone with balanced 
outputs to the line input of your PC’s soundcard or an MP3 
player for high-quality voice recordings? This microphone 
preamp circuit lets you do just that. It features a balanced 
input, has a clipping indicator LED and can be powered from 
a USB port or from an external DC source. 


LTHOUGH most PCs have a 
microphone input for recording, 
these inputs are for basic electret mi- 
crophone types only. Electret micro- 
phones are typically used in headsets 
and are generally of low quality. 
Similarly, some MP3 players in- 
clude an internal electret microphone 
for recording, but again, the quality 
is limited. These players often also 
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include a line input, to accept external 
audio signals. 

Using an electret microphone will 
generally be satisfactory for recording 
brief announcements and reminders. 
However, if you want really good 
sound quality, a professional micro- 
phone will be required. This type of 
microphone will also be necessary 
when the microphone needs to be 


more than just a metre or two away 
from the computer or MP3 player. 


Why are they better 


So why do the professional micro- 
phones give better sound than low- 
cost electret microphones? There are 
several reasons. 

First, professional microphones use 
a high-quality microphone element 
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Malingkeatune’s 


Balanced input 
Stereo output 


USB or plugpack powered 
Level control 

Peak indicator 

Line level output 


that has a smooth frequency response, 
plus low noise and low distortion. 
Typical low-cost electrets do not have 
a smooth frequency response, but a 
response that peaks around the mid 
audio frequencies. And while low-cost 
electret microphones readily detect 
handling and breathing noises, profes- 
sional microphones are designed to 
minimise this problem. 

Professional microphones also 
have a tailored pickup response that 
is more sensitive towards the front 
of the microphone than to the rear. 
This lack of sensitivity towards the 
rear helps prevent unwanted noise 
pickup. 
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MICROPHONE 
OUTPUT 
TO COMPUTER 
VIA 3.3mm 
STEREO 


COMPUTER 


XLR MIC 
INPUT 


ALTERNATIVE 
DC INPUT 


DE IN USB 


PEAK 


POWER 
SWITCH 


POWER 


Fig.1: this diagram shows how the Balanced Microphone Preamplifier is 
connected to a computer. Power can come either from a USB port or from 


an external DC plugpack supply (see text). 


Another advantage of professional 
microphones, particularly for voice re- 
cordings, is that they give more depth 
to the sound. That’s because the bass 
response is more pronounced when 
the microphone is brought close to the 
mouth. A headset electret microphone, 
on the other hand, usually has a poor 
bass response. 

Taken together, these refinements 
mean that a professional microphone 
will produce a recording that sounds 
far crisper and cleaner than one from 
an electret microphone — all without 
extraneous noises masking the wanted 
sound. 


Of course, electret microphones 
are ideal for many applications. In 
fact, high-quality electret microphone 
inserts are often used in professional 
microphones and can produce excel- 
lent sound quality when placed inside 
a professional microphone housing. 
It’s just that if you want high-quality 
recordings, a professional-quality 
microphone is the way to go. 


Balanced outputs 


While professional microphones 
can come in many forms (eg, dy- 
namic and electret types), they all 
have one thing in common, and that 


Specitications 


Signal-to-noise ratio: 80dB with respect to 1V output and 50mV input and 
with 600Q input loading impedance (this measurement includes a 20Hz to 


22kHz bandpass filter). 


Frequency response: within 0.25dB from 20Hz to 20kHz. 
Total harmonic distortion: less than 0.01% at 1V output and 50mV input 


for all frequencies from 20Hz to 20kHz. 


Signal handling: 2.8V RMS output 


Sensitivity for 1V out: 9mV 
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Constructional 


Rantsslist = aBalancedsMicrophonesane=am|p 


1 PC board, code 780, available 
from the EPE PCB Service, size 
102mm x 83mm 

1 diecast aluminium box, size 
119mm x 94mm x 34mm 

1 3-pin small size female XLR 
panel socket 

1 Type-A PC-mount USB socket 

1 2.5mm PC-mount DC socket 

1 3.5mm PC-mount stereo jack 
socket 

1 Ultra-mini SPST rocker switch ($1) 

1 knob to suit potentiometer 

4 M3 tapped x 6.3mm standoffs 

8 M3 x 5mm screws 

2 M3 x 10mm screws 

2 M3 nuts 

4 M3 flat washers 

1 solder lug 

17 PC stakes 

1 150mm length of red medium- 
duty hookup wire 


is a balanced output. A balanced 
output provides two signals that 
are 180° out of phase with each 
other. These signals are fed out via 
a 3-pin XLR plug that connects to a 
matching 3-pin XLR socket on the 
microphone lead. 

As a result, the two balanced mi- 
crophone signals are fed down the 
microphone cable via separate leads. 
These leads are ‘shielded’ to help 
prevent them picking up noise and 
mains hum. In addition, this arrange- 
ment effectively removes any noise 


MICROPHONE INPUT 
(XLR CONNECTOR) 


BALANCED INPUT 
AMPLIFIER 


1 75mm length of green medium- 
duty hookup wire 

1 75mm length of 2-core shielded 
cable 

1 25mm length of 6mm diameter 
heatshrink tubing 

4 rubber feet 


Semiconductors 

2 TLO72CP dual op amps (IC1,IC2) 

1 LM393N dual comparator (IC3) 

1 MAX232CPE RS2322 line driver (IC4) 

1 LM336-2.5 2.490V reference 
(REF 1) 

1 BC327 PNP transistor (Q1) 

1 5.6V 1W Zener diode (ZD1) 

1 1N5819 1A Schottky diode (D1) 

1 3mm green LED (LED1) 

1 3mm red LED (LED2) 


Capacitors 
1 100uF 25V PC electrolytic 
2 22uF NP electrolytic 


that is picked up when connected 
to a balanced input on an amplifier. 


In operation 


In operation, the balanced leads 
each pick up the same noise signals 
along the length of the microphone 
lead. That’s because these leads are 
run very close to each other, often as 
a twisted pair. When fed into a bal- 
anced amplifier, the signal from each 
lead is subtracted and this removes 
the common noise signal in each lead 
(ie, the noise signals are cancelled 


OUTPUT 
(3.5mm STEREO 
SOCKET) 


3 


PEAK DETECTOR 


Fig.2: the block diagram of the Balanced Microphone Preamplifier. The 
balanced signals from the XLR socket are amplified by ICia and ICib and 
summed in IC2a to give an unbalanced output that is fed to the output socket. 
IC2b, IC3 and the associated LED provide peak level indication, 
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1 10uF 16V PC electrolytic 
6 1uF monolithic ceramic 
2 100nF MKT polyester 

4 220pF ceramic 

2 100pF ceramic 


Resistors (0.25W 1%) 

1 220kQ 1 18002 

3 100kQ2 2 1502 

2 22kQ 1 68Q 1W (R1) 
1 20kQ 1 3902 1W (R1) 
12 10kQ 2 338Q 

1 2.2kQ 1 100 

2 680Q 1 10Q (R1) 


1 1k 16mm linear pot (VR1) 
1 50k2 multi-turn top-adjust 
trimpot (VR2) 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2010. 
www.siliconchip.com.au 


out by the amplifier because they 
are in phase). 

The wanted audio signals from each 
microphone lead are also subtracted, 
but because these are in anti-phase, 
the signal level is actually doubled as 
aresult of the subtraction. This means 
that balanced microphone leads can be 
many metres long without any notice- 
able increase in noise pickup. 

In addition, the output impedance 
of professional microphones is usually 
very low, and this also minimises noise 
pickup. Impedances are often well 
below the standard 600Q, with some 
high-quality microphones having an 
output impedance as low as 150Q. 

Of course, a balanced amplifier is 
also required in order to use a balanced 
microphone, and this is always found 
on professional audio gear. We also 
published a Balanced/Unbalanced 
Converter for Audio work in the 
September 2010 issue of EPE (it can 
convert signals both ways). 

In operation, the balanced amplifier 
correctly subtracts the balanced sig- 
nals and provides the gain required to 
bring the signal level up to line levels. 
This means that the recording can be 
made using the line input rather than 
the microphone input at the computer. 
Alternatively, for an MP3 player, you 
can again use the line input and forget 
about the internal microphone. 
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MICROPHONE PREAMP FOR COMPUTERS AND MP3 PLAYERS 


Fig.3: the full circuit diagram. IC4 functions as a charge-pump converter to provide +7V and -6V supply rails for IC1 and 
IC2. IC1a and IC1b are wired as non-inverting amplifier stages, while IC2a sums their outputs. IC3a and IC3b function as 
a window comparator. They compare a sample of the output signal with reference voltages set by REF1, IC2b and VR2. 


Recording at line levels also helps How it’s connected and a stereo 3.5mm jack socket output. 
to minimise noise. That’s because the How the EPE Microphone Pream- ‘Theconnection is made tothe computer 
signal does not have to passthroughan __ plifier is connected to a computer is using a 3.5mm stereo jack-to-jack lead 
internal preamplifier in the computer shown in Fig.1. It includes the 3-pin or a 3.5mm stereo jack to phono plug 
or MP3 player. XLR connection forthe microphonelead lead if the computer has phono inputs. 
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3.5mm STEREO 


JACK SOCKET == 


@ 
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SHIELDED CABLE 


Power for the unit can come from 
either a DC plugpack supply or 
from the computer’s USB port. In 
the latter case, the USB port pro- 
vides a +5V rail to the preamp via a 
standard ‘A’ Male to ‘A’ Male USB 
connector lead. 

In operation, the preamp is switched 
on and off via a power switch on the 
side of the case and a ‘Power’ LED lights 
when the unit is on. The output signal 
level is adjusted using a pot (VR1) and 
a peak indicator LED lights when the 
signal exceeds line level. 

Ifthe peak indicator LED lights, then 
the signal level is too high. This will 
cause clipping and distortion in the re- 
cording. In practice, it’s simply a matter 
of adjusting the level to avoid any peak 
indication during microphone use. 

Fig.2 shows the block diagram of 
the Microphone Preamplifier. The 
balanced microphone signal is fed in 
via the XLR input socket, and the two 
anti-phase signals are then amplified 
by op amps IC1a and IC1b. The signals 
are then subtracted in IC2a and fed to 
the output stereo jack socket. 

The peak detector circuit monitors 
the output signal level and flashes the 
Peak indicator LED when the signal 
exceeds the threshold level. This 
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USB TYPE A 
SOCKET 


PEAK POWER 


circuit comprises IC2b and IC3, plus 
the LED itself. 


Circuit details 


Refer now to Fig.3 for the complete 
circuit details. 

As shown, the balanced input sig- 
nals from the microphone are coupled 
in via 22uF non-polarised capacitors 
and fed to the non-inverting inputs 
of op amps IC1a and IC1b (pins 3 and 
5). These input signal lines (ie, pins 
2 and 3 on the XLR socket) are each 
tied to ground using a 100kQ resistor, 
to prevent them from floating with no 
input connected. 

The 220pF capacitor across the two 
inputs shunts radio frequencies, while 
the two 100pF capacitors at pins 3 and 
5 also shunt RF signals to ground. 

Pins 3 and 5 ofthe op amps are each 
tied to ground via a 22kQ resistor, 
again to prevent spurious operation in 
the absence of an input signal. Note, 
the signal ground and supply ground 
are isolated in this part of the circuit 
to reduce earth loops, and this is the 
reason for the different earth symbols 
shown. 

Op amp [Cia amplifies the pin 
3 microphone signal, while IC1ib 
amplifies the pin 2 signal. Both are 


Fig.4: install the parts on the PC 
board and complete the wiring as 
shown in this assembly diagram. 
The rotary pot (VR1) is secured 
by soldering its body to four PC 
stakes, then soldering its terminals 
to another three PC stakes (see 
photos). 


configued as non-inverting amplifiers 
with 10k@ feedback resistors, while 
a 180Q resistor and a 1kQ pot (VR1) 
are connected in series between their 
inverting inputs. The 220pF capacitors 
across the 10k resistors roll off the 
high-frequency response above 70kHz. 

The Level control, VR1, varies the 
gain of IC1a and IC1b between about 
9 and 56. The outputs from these op 
amps appear at pins 1 and 7, and are 
summed in unity gain differential 
amplifier IC2a. 

For signals coming from IC1a, IC2a 
functions as an inverting amplifier 
with a gain of —1, as set by its 10kQ 
feedback resistors. However, for sig- 
nals on its pin 3 input, IC2a operates 
as a non-inverting amplifier with a 
gain of 2. Because of this, the signal 
from IC1b is divided by two using a 
10k resistive divider before being 
applied to IC2a. 

This means that each signal path 
from IC1a and IC1b has overall unity 
gain through IC2a. However, IC2a 
inverts the signals from IC1a, so that 
they are now in phase with the signals 
from IC1ib. As a result, both signals 
add to provide an overall gain of 2 for 
the stage (ie, IC2a sums its two input 
signals). 
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INSTALL EITHER 
THE DC SOCKET OR 
THE USB SOCKET 
BUT NOT BOTH 


The resulting unbalanced signal 
appears at pin 1 of IC2a and is fed 
to the left and right terminals of a 
3.5mm stereo jack socket via 150 
isolation resistors. The 220pF feed- 
back capacitor across IC2a rolls off the 
high-frequency response of this stage. 


Peak detector 

IC2a’s output also drives the peak 
detector circuit. This consists of op 
amps IC3a and IC3b, which are wired 
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as a window comparator, plus IC2b 
and REF1, which provide an accurate 
reference voltage for the comparator. 

As shown, the signal level is first 
attenuated using a 20kQ and 10k 
resistive divider and then coupled to 
pins 2 and 5 of IC3a and IC3b respec- 
tively via a 10uF capacitor. 

REF1, an LM336-2.5, is used to 
provide a 2.5V reference, and this 
is applied to the pin 5 input of op 
amp IC2b. This stage operates as a 

non-inverting amplifier with a gain 

of 2, and provides a +5V reference 
at its pin 7 output. 

This reference voltage is fed to a 
voltage divider network consisting 
of a 10kQ resistor, trimpot VR2 and a 
second 10kQ resistor to ground. As a 
result, two different reference voltages 
are applied to pins 3 and 6 of IC3a and 
IC3b, with VR2 used to set the voltage 
between these inputs. 

These two reference voltages are 
labelled as TP2 and TP3 on Fig.3, and 
are equally spaced either side of 2.5V. 
Pin 3 of IC3a is set to the TP2 voltage, 
while pin 6 of IC3b is biased to the TP3 
voltage. The pin 2 and pin 5 inputs of 
IC3a and IC3b are biased to the 2.5V ref- 
erence set by REF 1 via a 100kQ resistor. 
As aresult, the signal from IC2a swings 
above and below this 2.5V reference. 

Note that IC3’s outputs are open 
collector, so the outputs can be tied 
together. They are connected to the 
+5V rail via a 220kQ resistor and so 
are normally held high. 


Signal levels 


Provided that the signal level at 
pins 2 and 5 does not exceed the 


4-Band Code (1%) 

red red yellow brown 
brown black yellow brown 
red red orange brown 

red black orange brown 
brown black orange brown 


red red red brown 

blue grey brown brown 
brown grey brown brown 
brown green brown brown 
blue grey black brown 
orange white black brown 
orange orange black brown 
brown black black brown 


Everyday Practical Electronics, November 2010 


reference thresholds (ie, doesn’t go 
above or below these levels), the 
outputs of IC3a and IC3b will remain 
high due to the pull-up resistor. 
Conversely, if the signal exceeds 
one of these reference threshold 
voltages, the corresponding op amp 
will switch its output low. 

Thus, if the voltage on pin 2 of 
IC3a goes above the reference volt- 
age on pin 3, IC3a’s output will 
switch low. Similarly, if the voltage 
on pin 5 of IC3b goes below the volt- 
age on pin 6, output pin 7 of IC3b 
will switch low. 

This output low from either com- 
parator then turns on PNP transistor 
Q1 and lights the Peak indicator LED 
(LED2). The associated 1uF capaci- 
tor between the op amp outputs and 
the +5V rail ensures that the outputs 
remain low for 200ms after the com- 
parator switches off, so that very fast 
overload transients aren’t missed. 

In practice, trimpot VR2 is set 
so that the TP2 and TP3 reference 
voltages are 442mV above and below 
the 2.5V reference respectively. This 
corresponds to a 1V RMS sinewave 
signal at IC2a’s output. 

Note that for a 1V RMS sinewave, 
the peak voltage is 1.414V. This is 
divided by 3.2 using the resistive 
divider on [C2a’s output and the 
100kQ resistor at pins 2 and 5 of IC3a 
and IC3b. As a result, the 1.414V peak 
is reduced to 441.8mV, which is why 
trimpot VR2 is adjusted for 442mV 
above and below 2.5V at ‘test’ points 
TP2 and TP3 to give peak indication 
when IC2a’s output signal goes above 
the 1V RMS level. 
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9-Band Code (1%) 

red red black orange brown 
brown black black orange brown 
red red black red brown 

red black black red brown 
brown black black red brown 
red red black brown brown 

blue grey black black brown 
brown grey black black brown 
brown green black black brown 
blue grey black gold brown 
orange white black gold brown 
orange orange black gold brown 
brown black black gold brown 
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Above: the _ prototype 
was fitted with both a DC power 
socket and a USB socket — but 
you should only fit one or the 
other — see text. 


The rear panel carries the XLR socket and has access holes for the USB 
connector (left), the adjacent DC power socket and the line output jack. 


Power supply 


As mentioned previously, the unit 
can either be powered from a USB 
port or via a DC plugpack. Diode D1 
provides reverse polarity protection 
if a DC plugpack is used, while series 
resistor R1 depends on the plugpack 
voltage (see table on circuit). 

In practice, any 300mA DC plugpack 
with an output voltage of 6V, 9V or 
12V can be used. 


a2 


A 100uF capacitor filters the incom- 
ing supply rail, while S1 is the power 
on/off switch. Zener diode ZD1 en- 
sures that the resulting supply rail is 
limited to 5.6V to prevent damage to 
IC4, while R1 is necessary to prevent 
excessive current through ZD1. 

Note that no reverse supply protec- 
tion is provided for the USB supply 
since this uses a polarised connector 
that cannot be reversed. Note also that 


only one type of supply should be used 
with this preamplifier. DO NOT install 
both a USB socket and a DC socket on 
the PC board, as damage to the USB 
port could occur if both supplies were 
used at the same time. 


Line driver 


IC4 is aMAX232 RS232 line driver 
IC, but the line driver section is not 
used in this circuit. Instead, we are 
simply using it to generate the nec- 
essary plus and minus supply rails 
for the rest of the circuit. 

Basically, the MAX232 in- 
cludes two internal charge 
pumps that convert the +5V 
supply to nominal unloaded 
+10V rails. The first converter 
switches capacitor C1 and dumps 
its charge into C3 to double the sup- 
ply to derive the +10V rail. Similarly, 
the second converter inverts this +10V 
rail by switching C2 at arapid rate and 
dumping the charge into C4, to provide 
the —10V rail. 

This switching of C1 and C2 takes 
place at a nominal 400kHz rate. 

In practice, the resulting supply rails 
are loaded down to about +7V and 
—6V by op amps IC1 and IC2. Note, 
however, that the LM393 op amps 
(IC3a and IC3b) are powered directly 
from the +5V supply rail, to prevent 
excessive loading on IC4. 

The positive and negative supply 
rails generated by IC4 appear at pins 2 
and 6 respectively and are decoupled 
using 33Q resistors. In addition, these 
rails are bypassed using a 100nF ca- 
pacitor to minimise supply noise. The 
power LED (LED1) is driven from the 
+5V rail via a 680Q resistor. 

Finally, note that the signal earth for 
the preamplifier and the earth for the 
power supply are isolated via a 10Q 
resistor. This reduces any current flow 
in the ground when the preamplifier 
is connected to a computer using both 
USB power and the stereo 3.5mm jack 
to feed in the signal. This is necessary 
because in this case there would be two 
earth paths between the unit and the 
computer — one via the USB connector 
and the other via the audio connection. 


Construction 


Construction is straightforward, 
with most of the parts mounted on 
a single-sided PC board, code 780, 
measuring 102mm x 83mm. This PC 
board is available from the EPE PCB 
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Service. The board is housed in a die- 
cast aluminium box measuring 119mm 
x 94mm x 34mm. 

Begin construction by checking the 
PC board for any defects such as shorted 
tracks and breaks in the copper tracks. 
Check also that the hole sizes are correct 
by test fitting the major parts, ie, the 
3.5mm stereo jack socket and either the 
DC socket or the USB socket. The holes 
for the four-corner mounting screws 
should be 3mm in diameter. 

Finally, check that the PC board fits 
into the box and that the cutout has 
been made for the XLR socket. 


Board assembly 


Fig.4 shows the parts layout on the 
board. The resistors can be installed 
first. Table 1 shows the resistor colour 
codes, but a digital multimeter should 
be used to check each resistor before 
soldering it in place. 

Follow these with the ICs, taking 
care to ensure that they are correctly 
oriented. Make sure also that the 
LM393 goes in the IC3 position. We 
used sockets for IC1 and IC2, but this 
is unnecessary and you can solder the 
ICs straight in if you wish. 

Next on the list are PC stakes for all 
the following: test points TP1 to TP3, 
TP GND, the GND terminal, the switch 
terminals, the potentiometer mounts 
and its terminal connections, and the 
three input terminals (to terminate 
the stereo shielded cable from the 
XLR socket). Note that four PC stakes 
are used to support the metal body of 
VR1, which sits about 1mm above the 
PC board (see photos). 

Transistor Q1 (BC327) and the 
LM336-2.5 voltage reference (REF1) 
can now be installed, followed by diode 
D1 and Zener diode ZD1. Take care to 
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SWITCH CUTOUT - RIGHTHAND SIDE 


3MM 
DIA. HOLE 


3MM 
DIA. HOLE 


3MM 
DIA. HOLE 


3MM 
DIA. HOLE 


BASE DRILLING DETAILS 


Fig.5: follow this diagram to mark out and drill the holes in the metal case. 
Alternatively, the diagram can be photocopied and used as a drilling template. 


ensure that they are all oriented cor- 
rectly and don’t get Q1 and REF1 mixed 
up (they look alike). Note that D1 and 
ZD1 face in opposite directions. 

The capacitors can go in next. Be 
sure to orient the electrolytic types 
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as shown in Fig.4. That done, install 
the 10-turn trimpot VR2, then solder 
potentiometer VR1’s metal body to its 
four PC stakes. 

To do this, first bend the pot’s three 
terminals down at right angles, then 
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BALANCED MICROPHONE PREAMPLIFIER 


Fig.6: this full-size front panel artwork shows the hole locations for the Level 
control and the two LEDs. Drill the Level control hole to 7mm and the holes 


for the LEDs to 3mm 


position the potentiometer vertically 
on the board and push its metal body 
down between the four PC stakes 
until it sits about 1mm proud of the 
board. Mark the solder points on 
the body, then remove the pot and 
scrape away the anodised coating at 
those points. 

Next, cut the pot shaft off about 
17mm from its threaded boss, then 
reposition the pot on the board and 
solder it’s body to the four PC support 
stakes. The pot mounting can then 
be completed by soldering its three 
terminals to the adjacent PC stakes. 

The two LEDs are mounted with the 
tops of their lenses exactly 25mm above 
the PC board. A 20mm-wide cardboard 
strip slipped between the leads of each 
LED makes a handy ‘stand-off’ tool 
when soldering them in position. Note 
that in each case, the anode (A) lead 
(the longer of the two) goes to the left. 

Finally, you can complete the 
PC board assembly by installing 
the 3.5mm stereo jack socket and 
either the DC power socket or the 
USB socket (but NOT both). This 
depends, of course, on how you 
intend to power the unit. As previ- 
ously stated, you must not fit both 
because the computer could be dam- 
aged if both supplies were connected 
at the same time. 
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Case preperation 


If you buy a complete kit for this 
design, it will probably be supplied 
with all the case holes pre-drilled and 
with a screen printed front-panel label. 
If not, you will have to drill the holes 
yourself. 

The full-size front panel layout is 
shown in Fig.6. This can be photocopied 
and used as a drilling template. You will 
need to drill 3mm holes for the Power 
and Peak indicator LEDs, plus a 7mm 
hole for the Level pot shaft. The latter 
is best made by drilling a pilot hole 
and then carefully enlarging it using a 
tapered reamer. 

Next, you will have to drill holes 
in the rear panel for the 3.5mm jack 
socket, the XLR socket and either the 
DC input socket or the USB socket. 
Fig.5 shows the drilling details. 

You will need to drill a 6mm hole for 
the DC input socket, while the stereo 
jack socket requires a 7mm hole. The 
square cutout for the USB socket can 
be made by first drilling a row of small 
holes and then carefully filing to the 
final shape. 

The large hole for the XLR socket is a 
bit trickier to make. This hole is too big 
for most tapered reamers, so you will 
have to drill a series of holes around 
the inside circumference, then knock 
out the centre piece and carefully file 


it to shape. Its two mounting screw 
holes are each drilled to 3mm. 

Next, a square cutout for the power 
switch must be made in the righthand 
side of the case — see Fig.5. Again, this 
is made by drilling a series of holes, 
then knocking out the centre piece 
and filing the hole to shape, until the 
switch clips into position. 

Finally, four 3mm mounting holes 
for the PC board must be drilled in 
the base of the case. This is best done 
using Fig.5 as a template. 

Once the box has been drilled, the 
next step is to insulate the threaded 
ferrule of the 3.5mm jack socket with 
a short piece of heatshrink tubing, to 
prevent it making contact with the 
case. This heatshrink tubing should 
be shrunk on using a hot-air gun, 
but be careful not to apply too much 
heat, otherwise you could damage the 
socket’s plastic casing. 


Internal wiring 


The PC board can now be installed in 
the case. To do that, secure four 6.3mm 
tapped stand-offs to the base using M3 
x 5mm screws, then place the board in 
position and secure it using another four 
M3 x 5mm screws and four M3 washers. 

With the board in place, you can now 
fit the XLR socket and complete the wir- 
ing as shown in Fig.4. Note that 2-core 
shielded cable is used for the connec- 
tions between the PC board and the XLR 
socket and that the pin 1 terminal on 
the XLR socket is the ground or shield 
pin. Note also that a solder lug is fitted 
under one of the XLR socket’s mounting 
screws, to terminate the earth wire from 
the PC board. 


Testing 


To test the unit, first apply power and 
check that the power LED lights. Now 
measure the voltage between TPGND 
and pin 16 of IC4 — you should get a 
reading of 5V fora USB supply, or 5.6V 
ifa plugpack supply is used. Check also 
that pin 4 of IC1 is about —-6V, pin 8 of 
IC1 is at about +7V and that TP1 is at 
about 2.5V (with respect to ground). 

If any of these voltages is incorrect, 
switch off immediately and check the 
supply wiring. Check also that IC4 has 
been installed correctly. 

Assuming everything checks out 
so far, adjust trimpot VR2 so that the 
voltages at TP2 and TP3 are 442mV 
above and below 2.5V respectively (ie, 
TP2 should be +442mV with respect to 
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INSULATE SCREW FERRULE OF JACK SOCKET WITH 
HEATSHRINK TUBING 


Besureto insulate the threaded ferrule of the line output jack socket 
with heatshrink tubing. This ensures that it cannot make contact 
with the case and cause an earth loop which would lead to hum. 


TP1, while TP3 should be -442mV with respect to TP1). 
This sets the peak level indication. 

Note that because of resistor tolerances, you will not 
be able to adjust VR2 so that TP2 and TP3 are exactly the 
same value above and below TP1. 


GRAPHIC DISPLAYS 


Add colour to your project! 


High quality serial graphic displays pre-fitted with a powerful 
controller for easy interface to your microprocessor. Easily draw 
lines, circles, text, show images, videos, and much more. 
Screen sizes from 0.96” to 3.2” and up to 256K colours. 
Options include: uLCD, uOled, touch-screen, SD/microSD card sup- 
port, scripting language, user switch interface and sound. Easy 5 
pin interface to host device 

uLCD-144 as shown only £23.00 each +VAT 

See the full range, prices, data-sheets and on-line ordering at:- 
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Note also that if you intend using this Balanced 
Preamplifier with a computer, then it’s a good idea to 
set the peak indicator so that it agrees with the level 
indicator in your recording software. 

Alternatively, if using this preamplifier with an 
MP3 player (ie, via the line input), adjust VR2 for 
the +442mV levels at TP2 and TP3, then check that 
the sound is undistorted for all levels unless the peak 
level is exceeded. 

The assembly can now be completed by fitting four 
stick-on rubber feet to the underside of the box, then 
attaching the front-panel label, the lid and the con- 
trol knob. Make sure that the two LEDs just protrude 
through their holes in the lid. 

The front panel label (Fig.6) can be colour photo- 
copied and trimmed to size. It can then be attached 
to the panel using either double-sided tape or a thin 
smear of silicone sealant. 


Options 

If you wish to have a through XLR plug (so that you can 
feed through the signal to another preamplifier or mixer), 
then you will have to use a diecast box measuring 119mm 
x 94mm x 57mm. Extra positions for PC stakes have been 
included on the PC board (at the front, left) for this wiring. 
Finally, a switch can be added to close the connection 
between pins 2 and 3 of the XLR socket for microphone 
muting. EPE 


SHERWOOD ELECTRONICS 


Buy 10 x £1 Special Packs and choose another one FREE 


SP1 15 x 5mm Red Leds SP133 20 x 1N4004 diodes 


SP2 12 x 5mm Green Leds SP134 15 x 1N4007 diodes 

SP3 12 x 5mm Yellow Leds SP135 5 x Miniature slide switches 

SP5 25 x 5mm 1 part Led clips SP136 3 x BFY50 transistors 

SP6 15 x 3mm Red Leds SP137 4 x W005 1.5A bridge rectifiers 
SP7 12 x 3mm Green Leds SP138 20 x 2.2/63V radial elect caps 
SP8 10 x 3mm Yellow Leds SP142 2 x Cmos 4017 

SP9 25 x 3mm 1 part Led clips SP143 5 Pairs min. croc.clips (Red+Blk) 
SP10 100 x 1N4148 diodes SP144 5 Pairs min. croc. clips (assorted colours) 
SP11 30 x 1N4001 diodes SP146 10 x 2N3704 transistors 

SP12 30 x 1N4002 diodes SP147 5 x Stripboard 9 strips x 25 holes 
SP18 20 x BC182B transistors SP151 4 x 8mm Red Leds 

SP20 20 x BC184B transistors SP 152 4 x 8mm Green Leds 

SP23 20 x BC549B transistors SP153 4 x 8mm Yellow Leds 

SP24 4 x Cmos 4001 SP154 15 x BC548B transistors 

SP25 4 x 555 timers SP156 3 x Stripboard 14 strips x 27 holes 
SP26 4 x 741 Op-amps SP160 10 x 2N3904 transistors 

SP28 4 x Cmos 4011 SP161 10 x 2N3906 transistors 

SP29 4 x Cmos 4013 SP164 2 x C106D thyristors 

SP33 4 x Cmos 4081 SP165 2 x LF351 Op-amps 

SP34 20 x 1N914 diodes SP166 20 x 1N4003 diodes 

SP36 25 x 10/25V radial elect caps SP167 5 x BC107 transistors 

SP37 12 x 100/35V radial elect caps SP168 5 x BC108 transistors 

SP38 15 x 47/25V radial elect caps SP172 4 x Standard slide switches 
SP39 10 x 470/16V radial elect caps SP173 10 x 220/25V radial elect caps 
SP40 15 x BC237 transistors SP174 20 x 22/25V radial elect caps 
SP41 20 x Mixed transistors SP175 20 x 1/68V radial elect caps 

SP42 200 x Mixed 0.25W CF resistors SP177 10 x 1A 20mm quick blow fuses 
SP47 5 x Min. PB switches SP178 10 x 2A 20mm quick blow fuses 
SP49 4 x 4 metres stranded core wire SP181 5 x Phono plugs - assorted colours 
SP102 20 x 8 pin DIL sockets SP182 20 x 4.7/63V radial elect caps 
SP103 15 x 14 pin DIL sockets SP183 20 x BC547B transistors 

SP104 15 x 16 pin DIL sockets SP186 8 x 1M horizontal trimpots 
SP109 15 x BC557B transistors SP189 4 x 4 metres solid core wire 
SP112 4 x Cmos 4093 SP192 3 x Cmos 4066 

SP115 3 x 10mm Red Leds SP195 3 x 10mm Yellow Leds 

SP116 3 x 10mm Green Leds SP197 6 x 20 pin DIL sockets 

SP118 2 x Cmos 4047 SP198 5 x 24 pin DIL sockets 

SP124 20 x Assorted ceramic disc caps SP199 4 x 2.5mm mono jack plugs 
SP130 100 x Mixed 0.5W CF resistors SP200 4 x 2.5mm mono Jack sockets 


SP131 2 x TLO71 Op-amps 


Catalogue available £1 inc. P&P or 


RESISTOR PACKS - C.Film FREE with first order. 
RP3 5 each value - total 365 - 0.25W £3.45 P&P £2.25 per order. NO VAT 
RP7 10 each value - total 730-0.25W £4.75 [Od sl-Ye(tl-\-F- Talo Ml afol-jt-1 @)ce(-e-m (oh 
RP10 1000 popular values - 0.25W £6.70 SHERWOOD ELECTRONICS, 
RP4 5each value -total305-0.5W £4.30 10 NEWSTEAD STREET, 


RP8 10 each value -total610-0.5W £6.95 
RP11 1000 popular values - 0.5W abe MANSFIELD, NOTTS. NG19 6JJ 
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Last month, we presented the circuit, specifications and 
parts list for our new high-performance Railpower IV model 
train controller. Now it’s time for the construction details — 
and we show you how to set it up for best performance. 


( power IV that the new Rail- 
power IV has such a lot of 
features and gives great perform- 

ance, its construction is relatively sim- 

ple. This is mainly as a result of using 
the PIC16F88 microcontroller. 

This latest design uses two PC 
boards. The main board accom- 
modates the power transformer and 
most of the circuitry, including the 
microcontroller, while the vertically- 
mounted display board is for the LCD 
panel and four pushbutton switches. 

The main control board measures 
217mm x 102mm and is coded 773, 
while the display board is coded 774 
and measures 141mm x 71mm. Both 
boards are available from the EPE PCB 
Service. 

These PC boards are housed in a plas- 
tic instrument case measuring 260mm 
x 190mm x 80mm. The rear panel is 
made from aluminium sheet. It provides 
heatsinking for the four Darlington 
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power transistors (Q1 to Q4) used in the 
H-bridge motor drive circuit. 

You can begin construction by 
checking each of the PC boards for 
defects, such as shorts or breaks in 
the copper tracks and to see that all 
holes have been drilled correctly to 
suit the various components. The 
holes for the mounting screws, the LCD 
mounts and for REG1 need to be 3mm 
in diameter. The four holes to mount 
the transformer are 4mm in diameter. 

Note that there are different mount- 
ing positions for the dual in-line (DIL) 
or the single in-line (SIL) type LCD 
modules; the board has been designed 
to accommodate either. 


Main board assembly 

The component layout diagram for 
the main control PC board is shown 
ity Fig.3. 


by JOHN CLARKE 
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Start construction by inserting the 
resistors in the main board, taking 
care to place each in its correct posi- 
tion. You can use the resistor colour 
code table (see last month’s issue) as 
a guide to each value. You can also 
use a digital multimeter to check each 
resistor — this is a good idea because it 
is easy to misread colour codes. 

Next, install the wire links and the 
PC stakes for the motor outputs and 
the ‘track’ LED. A 3-way pin header 
is used for connecting speed potenti- 
ometer, VR1. 

Install diodes D1 to D7, taking care 
with their orientation. Note that D1 to 
D4 are 1N5404 types, D5 and D6 are 
1N4004 and D7 isa1N4148. The socket 
for IC1 can now be mounted, taking 
care with its orientation (leave IC1 out 
of its socket for now). Then install IC2, 
again taking care with its orientation. 

The capacitors can go in next. The 
five electrolytic types must be oriented 


with the polarity as shown — see Fig.3. 
The crystal can then be mounted, as 
well as the piezo siren. 

The voltage regulator (REG1) is at- 
tached to the PC board together with 
a U-shaped finned heatsink. Bend the 
regulator leads at right angles to fit into 
the holes provided. First secure it with 
an M3 x 10mm screw and nut and then 
solder the three leads. Next, install 
trimpot VR2 (10kQ), the 2-way screw 
terminal block (CON3) and the 10-way 
IDC vertical header (CON2), mounted 
with the orientation slot as shown. 

The transistors can now be mounted 
on the board. All the small-signal tran- 
sistors (Q5 to Q10) are BC337 types. 
Just push them in and solder the leads. 
The TO-220 transistors are BD650 (Q1 
and Q2), while Q3 and Q4 are BD649s. 
Mount them with their full lead length 
and with about 1mm of lead below the 
PC board for soldering. 


Mains transfer 


The power transformer (T1) is 
mounted on the PC board using four 
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This is the two-line alphanumeric display (in this case the Jaycar model with 
backlight) which gives you all the information you need about your settings. Here 
it shows the train speed at about 56% of the maximum speed set (90%). Inertia is on 
(indicated by the ‘T’) and the lock is on (shown by the padlock being closed). As you 
enter other modes, the information on the display changes to reflect those modes. 


M4 screws and nuts. A 6.4mm spade 
terminal is attached to one corner, as 
shown, to earth the transformer body 
back to the rear panel — see Fig.6 and 
photos. You’ll need to scrape off some 
of the varnish coating from around 
the hole. A star washer between the 
transformer mounting foot and the 
spade terminal then ensures a good 
contact. 

To obtain the current rating re- 
quired, two secondaries are wired in 


Inside shot of the Railpower IV 
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parallel, with heavy-gauge insulated 
hookup wire connecting the appropri- 
ate terminals, as shown in the photo- 
graphs and in Fig.3. 

Two wires, again heavy duty insu- 
lated hookup wire, are then run from 
the transformer secondary terminals 
to the adjacent 2-way screw terminal 
block (CONS). In fact, we used the 
same lengths of wire to connect the 
two terminals on the transformer and 
the terminal block. 
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Assembling the display board 


Insert the five resistors and trimpot 
VR3 (10kQ). The 100uF and 10uF 16V 
electrolytic capacitors must be laid on 
their sides before they are soldered 
into place. 

The connections for the LCD mod- 
ules are made with socket strip and 
with header terminal strips. You can 
use a 14-pin DIL (dual in-line) socket 
strip or a 14-pin SIL (single in-line) 
strip. This depends, of course, on 
which type of display module you 
will be using. 

They can be made by cutting a 14- 
DIL IC socket to produce two 7-way 
strips. These can be placed side by 
side for the DIL or in-line for the SIL 
strip on the display PC board. 

The header terminal strips are 
soldered to the LCD module. Install 
them with the longer pins sticking 
up through the LCD module PC board 
and then solder them in place on the 
topside of the module. The excess lead 
length on the topside is then cut short 
with side-cutters. 

You can now plug the LCD into 
place on the display board. Secure the 
module using four tapped 6mm spacers 
plus nylon washers to increase height 
to about 7mm. These are secured in 
place with 8 M3 x 6mm screws. 

The four pushbutton switches are 
mounted on the PC board, oriented 
with the flat side as shown in the 
component overlay diagram — see 
Fig.4. The infrared detector ([RD1) 
is mounted with its full lead length 
so it can be bent over at right angles. 
This means its lens lines up with the 
hole in the front panel. Finally, fit the 
90-degree IDC connector (CON1). 

You can make up the IDC lead with 
10-way IDC cable, making sure that the 
red strip side is as shown on both the 
main board and display board sockets. 
The IDC cable can be compressed into 
its fittings by clamping up in a vice 


Working on the case 


Several holes need to be drilled in the 
front panel of the case for the pushbut- 
ton switches, the potentiometer and 
the IR detector (IRD1). A cut-out is also 
required for the LCD module — the size 
and location depend on whether the DIL 
type or the SIL LCD modules are used. 

The larger holes can be initially 
drilled to 5mm to start with, and suc- 
cessively drilling larger holes. It can 
then be carefully reamed out to the 
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Fig.3: component overlay for the main PC board, with a similar-size photo 
at right for comparison. This has the back panel already fitted. 


required diameter. But why bother The reason is simply that it is al- 
with all that? Why not use the correct most impossible to drill large round 
size drill to make the holesinone go? holes in sheet material — usually 
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Not shown here are the front panel 
connections — LED, pot and display 
board. Be careful with the pot wiring — 
it’s easy to get it the wrong way round! 
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they tend to be ‘triangular’ rather 
than circular. 

The display cut-out is made by 
drilling a series of holes around the 
perimeter of the cut-out, knocking out 
the piece and then filing it to shape. 
Finally mark out and drill the four 
mounting positions for the display 
PC board. 


Back panel 


The rear panel is made from 1mm 
or thicker aluminium, to provide a 
heatsink for the four power transis- 
tors. The panel needs holes for the IEC 
mains connector, earth lug, binding 
post terminals and the four transistor 
mounting holes. 

The hole positions for the transis- 
tors can be marked out by mounting 
the main PC board into the case using 
the four self-tapping screws. Push the 
transistors flat against the rear panel 
and mark out their hole positions. 
These should be drilled to 3mm and 
any sharp edges around the hole re- 
moved with a countersinking drill bit. 
Don’t fit the transistors until you have 
cleaned up all the holes, just in case a 
tiny bit of swarf causes a short. 

The position of the holes for the 
binding posts is not critical — just 
don’t fit them too close together, which 
would make attaching wires difficult. 
When the holes are drilled, reamed 
and de-burred, attach the binding 
posts to the rear panel and tighten 
their nuts with a spanner. 

Likewise, the position of the IEC 
connector (with its integral fuse and 
switch) is not too critical — use the 
photographs as a guide. The IEC con- 
nector clips into a 47 x 28mm vertical 
rectangular cutout. 

At this size, it is a tight fit so that 
there is no likelihood of it being dis- 
lodged. The wiring inside the case can 
now be completed, as shown in Fig.6. 

Fig.5 shows how the power transis- 
tors are mounted, using an insulating 
bush and washer as shown, to ensure 
they are insulated from the aluminium 
panel. The earth lugs are attached us- 
ing a star washer between each eyelet. 
The mains wiring is done with 

the brown and blue wires 
already connected to the 
specified transformer. Both 
are about 100mm longer 
than is required, so the off- 
cut from the Live (brown) 
wire is used to make up the 
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~50mm fuse-to-switch link on the 
back of the IEC connector. 

Green/yellow-striped wire is used 
solely for the earth connections — one 
from the IEC socket earth pin to the rear 
panel, and one from the transformer 
to the same point on the rear panel. 
Together, these require only 150mm or 
so of wire. This coloured wire must not 
be used for any other wiring. 

We used insulated 4.8mm crimped 
quick connectors for all wires going to 
the rear of the IEC connector, and insu- 
lated 6.4mm crimped quick connectors 
to the earth connections, as shown. 

If for some reason you need to use 
any other wire for the mains wiring, 
ensure that is 250V AC-rated 7.5A 
wire, with brown used for Live and 
blue for Neutral. 

For safety, all the mains wiring must 
be tied with cable ties so that they 
cannot come adrift. The exposed area 
at the rear of the IEC connector where 
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the Live connects to the fuse should 
be covered with a liberal coating of 
neutral-cure silicone sealant. 

The wiring to the transformer sec- 
ondary and to the binding posts is 
made with heavy duty hookup wire. 
Note that the two 12V windings are 
connected in parallel. Connect the two 
OV connections together and the two 
12V connections together. 

Before mounting and connecting the 
potentiometer, its shaft may need cut- 
ting to length to suit the knob to be used. 


Power up 


Note that the following tests and 
setup need the tracks connected and 
a ‘loco’ on them until indicated. 

Check your wiring carefully, includ- 
ing the insulated covers over all the 
quick-connect terminals (these ensure 
that there are no dangerous voltages 
exposed with power connected, so 
that you can safely work on the project 


4x1k RESISTORS 
AND LINK 10 


ioour| board with a matching 

16V|} photo below. The PC board 
has provision for either the 
DIL (JJaycar QP5516) or 
the SIL LCD modules, The 
photo/diagram show the SIL 
version, which connects to 
the PC board via a single 
row of 14 header sockets 
at the bottom of the display 
board. (The Jaycar version 
was shown in the photos 
last month. It connects via 
the dual row of sockets on 
the left side of the board). 
Note the inset above — four 
resistors and a link are 
actually under the SIL 
LCD module. Also note that 
for minimum height, the 
electrolytic capacitors and 
the infrared receiver (IRD1) 
are installed parallel with 
the PC board. 


CG ARE ALL UNDER 
x LCD MODULE 
5 
IRDI Fig.4: the component 
(IES FLAT) overlay for the display 
acs 


without it being sealed inside a case. 
There are no dangerous voltages on 
any tracks or pads on the PC board 
because the transformer is directly 
wired to the IEC connector). 
Speaking of the IEC connector, 
make sure there is a 1A fuse inside its 
fuseholder. You open this by gently 
levering up the tab on the fuseholder 
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Fig.5: transistor 
mounting detail 
on the rear panel. 
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Fig.6: this ‘opened out’ view shows the wiring between the PC board and front/rear panels. 


underside with a tiny flat screwdriver. 
And as mentioned earlier, IC1 should 
not yet be in its socket. 

Apply power and check for 5V be- 
tween pins 5 and 14 of IC1’s socket. This 
may range between 4.9V and 5.1V. Ifthe 
voltage is correct, switch off power and 
insert IC1 into its socket, taking care to 
install it the correct way around. 

Reapply power and adjust trimpot 
VR3, so the LCD is easily viewed with 
good contrast. Note that you need to 
wait a few seconds after powering down 
before reapplying power. If you rapidly 
switch the power on and off, the LCD 
module may not reset correctly. 

At this stage, the display should 
show a left arrow, an ‘S’ for stop and 
an ‘I’ for inertia on the top right of 
the display. The lower line of the dis- 
play should show a bar graph and a 


percentage reading (0-100%) that var- 
ies depending on the setting of the 
Local Speed potentiometer (VR1). 

The pushbutton switches below 
the display serve different functions 
depending on the Mode selected. At 
power up, the display is in RUN mode, 
where three of the switches control the 
Direction, Stop and Inertia. 

If the Stop switch is pressed, then 
the ‘S’ should disappear and the top 
line will now begin to show a bargraph 
that increases slowly up to the speed 
setting value shown on the lower line. 
The Lockout (padlock) symbol will 
show as the speed increases beyond 
the first few bars on the top line. You 
should be able to switch the Inertia 
on and off with the Inertia switch 
and change the direction arrow when 
the speed is below the lockout speed. 
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The direction will only change when 
the padlock lockout symbol is not 
showing. 

If these tests are OK, then the display 
PC board can be attached to the front 
panel using 12mm tapped stand-offs 
and M3 screws. Countersunk screws 
are used on the panel for a flush finish. 


Adjusting parameters 


You are probably now ready to try 
out the controller on your model rail- 
way layout. 

Connect the Railpower IV to the 
tracks by means of the terminals on 
the back panel and place a locomotive 
on them. Check that its speed can be 
controlled with the front panel knob. 

At this stage, the maximum and 
minimum speed settings can be ad- 
justed. To do this, press the Inertia 
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The Railpower IV rear panel, 
showing the positions of (from 
left) the track terminals, four 
transistor mounting bolts, 
earth bolt and the combin- 
ation IEC mains input 
socket, fuse and power 
switch. Only the four tran- 
sistor mounting bolt hole 
locations are critical — they 
need to line up with the 
transistors on the PC board. 
The IEC combo clips into a 
rectangular hole measuring 
48 x 28mm — no screws are 
required. 


switch so that the ‘T is not displayed 
(inertia disabled). This will allow the 
locomotive to respond instantly to 
speed settings. Now press the RUN 
switch and the display will now 
show the SET mode in which the 
three right-most switches change their 
function to Function, Down and Up. 
Any changes made to the SET values 
are stored in memory unless they are 
changed again. 

Each press of the Function switch 
selects the following: 


ELECTRONICS LTD 


MICROSTEPPER 
Stepping Motor Driver 


May 09 EPE. 1/2 1/4 1/8 and 1/16 
microstep driver for standard 4 phase 
unipolar motors. Up to 46V at 3A. 

: Adjustable current with efficient 
PWM control. Opto isolated in- 
puts and outputs for computer 
(LPT)# or logic level control. 
SLA7062M driver chip contains 
all sequencer logic - Only needs 


KIT 920 Step and Direction inputs. 
Kit includes PTH circuit board 
Chip, and all components. 
| # Connection details and (Slow 
1 speed) demo PC software: free 
4 download from website. 


, a eo Stereo Amp. 


Low distortion 11W/channel 
Stereo/20W Mono. True (rms) Real 
Power. High Slew Rate/bandwidth 
- &low noise. Ideal MP3 booster. 
» Short Circuit & Overtemp. Protect- 
~__ ed. STA7360 chip. Needs 8 to 18V 
supply. EPE Project May2005. 


MAXIMUM SPEED (self explanatory) 
MINIMUM SPEED (self explanatory) 
LOCKOUT SPEED (the maximum 
speed that reverse direction can invoke) 
DEFAULT SPEED (the switch-on or 
default speed of the Railpower ) 
LOCAL/REMOTE (control is from 
front panel controls or infrared remote) 
CODE TV (the code from your particu- 
lar infrared remote — see the infrared 
remote instructions) 

INERTIA (self explanatory) 

STOP (self explanatory) 


a on Trent Staffs DE14 2ST 
> Fax: 01283 546932 
‘sales@magenta2000.co.uk 
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FEEDBACK (the degree to which 
back-EMF from the motor affects the 
Railpower) 
SPEED RAMP (the rate at which the speed 
setting changes under remote control) 
PULSE (the frequency of the interrupted 
DC going to the tracks) 

Further details on what these mean 
and how to set them are shown in the 
programming panel on pages 44/45. 


Opposite: Railpower IV front and rear 


panel drilling details, shown life size. 


supplier? 


1000’s OF PRICES REDUCED! 


Alternatively phone us on 
020 8452 0161 with your 
requirements. 
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Visit our Shop, Call or Buy online at: 
www.cricklewoodelectronics.com 
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PROGRAMMING YOUR RAILPOWER IV 


Maximum 
Speed 

Press the 
Eine ition 
switch until 
MAXIMUM SPEED is displayed on the top line of the dis- 
play. The lower line shows SET@ 107? (180). The value 107 
could be any number between 0 and 204 depending on 
the position of the Local Speed potentiometer. The number 
in brackets is the original default setting or your previous 
maximum speed setting. 

Typically, you will want no more than 12V DC applied if 
you are running HO or OO-scale locomotives, and no more 
than 9V DC if you are running N gauge. If in doubt, check 
the manufacturer’s recommendations. In fact, running an HO 
scale locomotive at its maximum of 12V will normally result 
in a scale speed of 180km/h, so for the sake of realism and 
safety, you might want to reduce it somewhat. 

To set the maximum speed, wind up the Speed control 
until you get the desired DC voltage across the locomotive’s 
motor, or you obtain the maximum speed you require. De- 
pending on the different types of locomotive on your layout, 
the MAXIMUM SPEED setting may have to be acompromise. 

Once you have obtained the desired value, press the 
Up or Down switch and the display will momentarily show 
LOADED. Thus, the new maximum speed setting will be 
loaded and shown in brackets. The motor will now run up 
to this new maximum speed setting. 


Minimum Speed 

Now se- 
lect MINI- 
MUM SPEED 
and you go 
through the 
same process. In this case, the lower line shows SET@ 107? 
(1). Again, the 107 could be any number between 0 and 204 
depending on the position of VR1, while the number in brackets 
is the actual minimum speed setting. Adjust the Speed control 
to a low setting that is just at the point where the motor stops 
(or is aboutto start) The SET@ reading will probably be around 
1 to 5, or maybe higher with motors that require more voltage 
to start. Again, you can store this value by pressing the Up or 
Down switch and the word LOADED will appear briefly. The 
stored value will show in the bracketed section of the display. 


Pulse 


Atthis point you will probably become aware of the noise the 
locomotive 
makes at the 
low speed 
settings. If it 
is quite ap- 
parent, you 


may wantto change the PULSE setting. Initially, it will be 122Hz 
and that is probably the optimum setting with most model 
locomotives, but give it a try at 488Hz or 1953Hz. 

Once you have decided on the PULSE frequency set- 
ting, you may need to go back and reset the MINIMUM 
SPEED. You cannot have the minimum speed setting the 
same as or larger than the maximum speed setting. If you 
make a mistake here, you need to redo the adjustments. 
Generally speaking, you would need to initially select 204 
for the maximum and 0 for the minimum values first before 
readjusting the minimum and maximum values again for 
your requirements. 

Note that while the displayed numbers range from 0 
through to 204 in increments of 1, the actual control is over 
816 values. So, depending on the resolution of the Speed 
control potentiometer, it is possible to obtain up to four soeed 
settings between each value increment on the display. This 
extra resolution can be useful for the minimum speed setting. 
The stored values include this extra resolution. 

Note also that if you are using a standard 16mm potenti- 
ometer for the Speed control, this fine resolution probably 
will not be possible. 


Lockout and Default 


LOCKOUT and DEFAULT speeds can now be adjusted. 
Lockout sets 
the speed 
above which 
forward and 
reverse 
changes are 
prevented, 
ie, ‘locked 
out’. We 
suggest that 
you set it to a very low speed, similar to that used in shunting. 
The Default setting is the speed that is applied each time 
you turn on the Railpower when the remote control is used. 
It does not apply when you are using the front panel Speed 
control (local). 
Initial default settings for Maximum, Minimum, Lockout 
and Default are 180, 1, 8 and 64, respectively. 


Local/Remote 

The Lo- 

cal/Remote 

setting se- 

lects wheth- 

er speed is 

controlled 

via the front 

panel Speed 

control or 

the infrared 

remote control. You can toggle between either setting 
using the Up or Down switches. 
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Code 


Next, you 
need to 
select the 
COE er 
the infrared 
remote control. You can select between TV, SAT1 or SAT2 
using the Down switch. Normally, TV would be selected 
(the default setting). SAT1 or SAT2 are used when you 
have more than one Railpower controller used on the same 
layout vicinity. 

Note that there is a number in brackets (0 to 9) following 
the code selection. This sets the rate at which the Railpower 
decodes the infrared data, because some remote units are 
slow or fast compared with the correct data transmission 
rate of the RC5 code. The number can be changed using 
the Up switch. In practice, you select the number that works 
best with your remote unit. 

Note that if you press the RUN/SET switch, the display is 
returned to the RUN mode showing the speed settings. You 
can then test the remote unit for reliability. You can quickly 
toggle between the settings mode and the CODE selection 
using the Mode switch. 


Inertia 


INERTIA is 
the next se- 
lection. This 
selects the 
rate at which a locomotive changes its speed (accelerate 
or decelerate). The number is adjustable from 0 to 100, us- 
ing the Up and Down switches. You will want to try several 
different values, depending on the size of your layout and 
the locomotives and length of the trains to be run. If you are 
using Inertia value of 60 or more, the locomotive will take 
several minutes to reach its set soeed from a complete stop, 
or to go from the set speed to stop. 


Stop 


The Stop 
value is se- 
lected next, 
and is the 
rate at which the locomotive comes to a halt when the Stop 
button is pressed. It also can be adjusted from between 0 
and 100, but typically you will not want to use very high 
values otherwise it is too difficult to judge just when and 
where the locomotive will come to a halt. 


Feedback 


The Feedback value can be set between O and 100 
and corre- 
sponds to 
the degree 
that the mo- 
tor back- 
EMF affects 
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speed regulation. A low value will mean that the locomotive 
will tend to slow down more when pulling atrain up an incline. 
Hence, the setting you use will be a compromise between 
ease of running trains around the layout versus reality, ie, a 
heavy train should slow down when going up a hill unless 
the throttle is advanced. 

Trimpot VR2 also needs to be adjusted to provide optimum 
control. Generally, VR2 is set so the motor speed does not 
change much (when set to a slow speed) between feedback 
values from 0 to around 40 or 50. If in doubt, just set VR2 
is to mid-point. 


Speed 
Ramp 


The Speed 
Ramp value, 
adjustable 
from 0 to 255, selects the rate at which the Speed Setting will 
change when under infrared remote control. If 0 is selected, 
the speed setting will change slowly under remote control. 

In practice, a setting between 10 and 20 is fine. Any faster 
than that and you will find it tricky to make small changes in 
speed. 


Universal remote controls 


Further testing requires a universal or ‘pre-programmed’ 
remote control. In this case, one with very few controls is 
the way to go. If you are going to build only one Railpower 
for your layout we suggest the AR-1703 from Jaycar. It is 
small and only has the control buttons you need. However, 
it does have one drawback, and that is that it can only be 
used for the TV code. 

If you intend to have more than one Railpower on your 
layout, you will need a remote control with the SAT1 and 
SAT2 codes available. 


Programming the remote 


The best approach to programming the remote control 
is to initially program it for a Philips brand TV (just follow 
the instructions supplied with the unit). In most cases, pro- 
gramming involves simultaneously pressing the ‘Set’ button 
and the button for the item that is to be operated. In other 
words, press the ‘Set’ and ‘TV’ buttons together and enter 
a number for a Philips TV set. 

For the Jaycar AR-1703 remote use 11414. If you are 
using a different remote control, just select a number for 
a Philips TV set. If you later find that this doesn’t work, try 
another number for a Philips TV. 

Having programmed the remote, check that the Speed 
can be raised or lowered when the Volume Up and Down 
buttons are pressed. Check that the directions can be 
changed with the channel Up and Down buttons. Also check 
that the Mute button stops the loco and the Operate button 
switches Inertia on and off. 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2010. 
www.siliconchip.com.au 
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Recycle It 


BY JULIAN EDGAR www.julianedgar.com 


Top of the hit list 


ACH month I discuss what good 
parts you can get out of most 
discarded consumer goods. One 
month I might tackle a VCR (one of 
my absolute favourites to salvage 
parts from!); another month I might 
show you what you can get out of a 
breadmaker or hair trimmer. 

But what about looking at it from 
the other end of things — examining 
the components you should always 
collect, irrespective of the item 
you're salvaging the parts from? Ina 
way it’s even more useful to highlight 
those parts you should always grab, 
because then it doesn’t matter what 
you’re disassembling. With this in 
mind, I would like to offer my ‘top 
ten’ selection of parts/items that take 
priority for the ‘salvage it’ treatment 


1. Knobs 


Whenever you see a piece of equip- 
ment with quality knobs on it, grab 
them! It takes literally seconds to pull 
knobs off and it makes such a differ- 
ence when you're building a project 
if you can just go to your storage 
drawers and immediately lay your 


hands on a knob that’s just perfect 
for the application. 

It’s also interesting sorting through 
different knobs and feeling the way 
in which they work — some knobs (eg 
an amplifier volume control) needs 
to be large and smoothly contoured; 
others (like the adjustment knob on 
an electronic thermostat) need to be 
small and much better shaped to suit 
fingers and fine adjustment. 


2. Switches 


A switch is one type of electronic 
component that doesn’t go out of date. 
Over the years, I’ve collected switches 
from VCRs (miniature pushbuttons 


off their PCBs), from photocopiers 
(the switch that deactivates the power 
when the lid is raised is usually a 
very heavy-duty pushbutton), and 
from electric typewriters (typically 
the main on/off switch is a quality 
push-fit rocker design). 

From amplifiers, I go for the input 
selection multi-pole rotary switch; 
and from VCRs, the contactless Hall 
effect switches often used on the vid- 
eo drum chassis. From older washing 
machines, I keep the very sensitive 
pressure switch and from miscella- 
neous heavy-duty equipment, high 
current solid-state switches. All are 
useful — and even better, easy to use. 


Whenever you see any discarded pieces of equipment 


with quality knobs on it, grab them! 
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A switch comes in all disguises and is one electronic 


component that doesn’t go out of date 
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3. Cable clamps, mounts and 
holders 


Whenever you run wires or cables 
inside a piece of equipment, there’s 
a need to hold them in place. (Well 
I guess there often isn’t actually ‘a 
need’, but for good appearance, serv- 
icing and safety, you should always 
corral wires.) 

Inside commercial equipment 
you'll find the full gamut of cable and 
wire holders — bendy insulated metal 
strips, steel clamps, plastic clamps, 
clamps that pop into chassis holes, 
and clamps that hold mains-power 
cables. It’s always worth collecting 
these clamps, mounts and holders. 


4. Fuses 


Fuses are another example of a 
component that doesn’t date — a 50- 
year old glass fuse and fuseholder 
are just as useful today as back then. 
As a matter of course, I collect fuses 
from all sorts of equipment — and 
if the fuseholder is either an inline 
or easily removed chassis mount 
design, I collect those too. 

You can also obtain very useful 
fusible links from car fuse and relay 
boxes, and much industrial equip- 
ment contains resettable circuit break- 
ers. I also collect the two different 
sizes of blade fuse used in vehicles. 

With only half an eye being kept 
out, it’s not at all hard to collect 
enough fuses that you’ll never need 
to buy one again — or spend the time 
travelling to the shop to buy that 
required obscure value. 


5. Relays 


Relays are extraordinarily useful — 
rugged (basically impossible to blow 
up unless you do something really 
stupid!), universal within voltage 
and current restraints, and easy to 
wire into place. An enormous range 
of equipment and appliances has 
relays inside — you can easily collect 
one from even moderately complex 
bits of gear you salvage. 

Relays (and many other parts) can 
be removed from PC boards quickly 
and effortlessly by using a heat gun 
aimed at the solder side of the board 
and plucking out the relays with 
long-nosed pliers. I remember pick- 
ing up an ABS (anti-lock braking) 
controller from a car and realising 
with joy that it contained no less than 
six small, high current 12V relays! 


Whenever you run wires or cables 
around the housing of your project, 
there’s always a need to hold them in 
place. Well, there’s a grand selection 
of cable and wire holders inside 
commercial equipment just waiting to 
be ‘recycled’ 


Fuses are another example of a 
component that doesn’t date. It’s not 
too hard to collect enough fuses from 
‘dumped’ equipment to never have to 
buy another one again 


Relays are extraordinarily useful, easy 
to wire into place and often found in 


even moderately complex pieces of gear 


The idea of salvaging LEDs can seem 
silly - why bother when they are so 
cheap? First, it’s easy to salvage ones 
that you cannot purchase easily from 
shops. Second, using a heat-gun and 
long-nosed pliers, it takes almost no 
time to salvage dozens of LEDs 
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6. LEDs 


The idea of salvaging LEDs from 
equipment can seem silly — why 
bother when LEDs are so cheap 
new? There are two answers to that 
question. 

First, it’s easy to salvage LEDs that 
you cannot readily buy in shops — 
surface mount, those with odd lens 
shapes (eg long rectangular), and 
LEDs with unusual colours. Second, 
using the heat-gun-and-pliers ap- 
proach mentioned earlier, it takes 
almost no time to salvage dozens 
of LEDs. 

Often in projects T’ll use shop- 
bought LEDs, but nearly as fre- 
quently, ’ll want something out of 
the ordinary and reach for my little 
drawers of salvaged LEDs. 


7. Plugs and Sockets 

If you’re trying to find the right 
plug for a socket (eg a DC socket that 
requires the correct mains adaptor) 
a visit to an electronic supplier is 
most often required. But if, on the 
other hand, you’re building a piece 
of equipment and need a similar 
function low voltage DC plug-and- 
socket combination, it’s often much 
easier and cheaper to use some that 
you've salvaged. 

For example, I often use RCA-style 
plugs as low voltage DC power connec- 
tions —they’re polarised, non-shorting, 
handle reasonable current — and you 
can salvage RCA phono sockets from 
any audio or video consumer item 
that’s been thrown away. And the 
plugs? They’re almost as often dis- 
carded on audio interlink cables! 


The range and combinations of plugs 
and sockets seems to be endless, and 
you will certainly need to build up a 
large stock of these if you ’re into project 
building 
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8. Heatsinks 


Heatsinks are available in dis- 
carded goods in a huge range of 
sizes — from small ‘tab’ style ones 
in power supplies to large heatsinks 
in audio amplifiers, and every size 
in between. 

When building projects it pays to 
have a large variety of heatsinks on 
hand. That’s because there is often 
not only a requirement for heat han- 
dling, but also physical requirements 
as to size and shape. 


Heatsinks are available in discarded 
goods in a huge range of sizes — from 
small ‘tab’ style ones in power supplies 
to large heatsinks in audio amplifiers 


Many items people throw away contain 
electric motors — from small low-voltage 
and stepper motor types to larger mains- 
powered washing machine motors 


Cooling fans insideredundant equipment 
come in all shapes and sizes. Most fans 
are typically either mains-powered or 
run off 12V or 24V DC 
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So you’re a dyed-in-the-wool 
salvager, grabbing discarded items 
and pulling them apart with dedica- 
tion. Now, what do you do with the 
accumulated bits? 

It's a vital question, because if 
the components are not sorted 
and stored in a logical way, you will 
never use them. Don’t believe me? 
Well, imagine what it’s like if you 
just put all the salvaged parts ina 
big box. You’re working on a project 
and you need a knob. You look at 
the big box — which you remember 
contains some knobs — and then 
say: ‘Nah, it’s easier if | just go toa 
shop and buy a knob — much simpler 
than trawling through that darn box 
of junk!’ 

Contrast that with an arrangement 
like the one outlined here. You want 
a big knob? Literally two seconds 
later you can be examining four dif- 
ferent designs of big knobs. 

You want a switch? Will that be 
a rocker, toggle, slide or miniature 
pushbutton, sir? Again, with or- 
ganisation, it’s a two-second job to 
home-in on the right drawer. 

Sorting your parts has another 
advantage: it shows you what you 


For example, space might be tight 
in one direction, or the flat mounting 
surface on which the components are 
to be mounted might need to be a cer- 
tain shape. I collect all heatsinks that 
I come across — and they’re among 
my ‘most-utilised’ salvaged parts. 


9. Small Motors 


Many items that people throw 
away contain electric motors. Bread- 
makers use mains-powered universal 
carbon brush-type electric motors; 
electric typewriters, printers and 
fax machines use stepper motors; 
and VCRs contain small low-voltage 
brushed motors. And, of course, 
washing machines and other larger 
goods contain mains-powered induc- 
tion motors. 

I tend to collect just the following 
types of motors: small low-voltage 
brushed (good for making fans and 
kids’ toys), and large and small 
stepper motors (good for robot, 
model railways and hand-cranked 
generator projects). Motors (of any 
sort) that can be removed complete 


are missing, and the parts you need 
to look-out for. 

In short, invest in sets of little 
drawers, compartmentalised plastic 
boxes that used to contain fishing 
gear — anything like that. And these 
drawers? Unbelievably, they were 
on their way to the local rubbish tip 
and needed only a clean and new 
labels before being put to good use. 


with reduction gear-trains are al- 
ways useful. 

Incidentally, unwanted stepper 
motors (especially in larger size and 
in matched pairs) can normally be 
sold for decent money on eBay. 


10. Fans 


Cooling fans inside discarded equip- 
ment come in all shapes and sizes. 
PC-style fans can be found in PCs(!) 
and photocopiers. Fans with remov- 
able blades can be salvaged from 
microwave ovens (but only open a 
microwave if you know exactly what 
you are doing — they can be very dan- 
gerous), while ‘squirrel-cage’ fans are 
used in much industrial equipment as 
well as some types of domestic heaters. 

Fans are typically either mains- 
powered or 12V or 24V DC. (Note the 
24V fans will still work on 12V, just 
rotating more slowly, and quieter.) I 
use a squirrel cage fan in my home- 
built audio amplifier (much quieter 
than a typical PC fan), and a PC fan 
to cool a battery charger made from 
salvaged parts. EPE 
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Kit includes a 3.5in. sensor mounted on a 

sensor board, a projected capacitive board with the 
PIC16F707 MCU and fully functional firmware. The open source code supports 

sensors with up to 32 channels and the kit includes a graphical user interface tool that enables 
easy parameter adjustment. 


Projected capacitive touch sensing extends resistive and existing capacitive touch sensing technologyto 
include multi-touch and gesture sensing, enabling users to implement robust glass-front user interfaces 
that simplify user interaction. Typical applications include global positioning systems, thermostats, 
mobile handheld units and other devices that use smaller displays with a finger input. 


The PIC16F707 features two 16-channel capacitive sensing modules (CSMs) that can run in parallel for 
increased sampling speed, and operates from a wide input voltage range of 1.8V to 5.5V, with a typical 
projected capacitive sensor application operating current of 1.5mA at 5V. 


HOW TO ENTER 


For your chance to win an mTouch Projected Capacitive Development Kit, 
visit www.microchip-comps.com/EPE-ProCap, and enter your details in 
the online entry form. 

CLOSING DATE 

The closing date for this offer is 31 January 2011 
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Part 1: Introduction to signals in 
electronic circuits and systems 


By Mike and Richard Tooley 


Our Teach-In series is designed to provide you with a broad-based introduction to electronics. We have 
attempted to provide coverage of three of the most important electronics units that are currently studied in 
many schools and colleges in the UK. These include Edexcel BTEC Level 2 awards, as well as electronics units 
of the new Diploma in Engineering (also at Level 2). The series will also provide the more experienced reader 
with an opportunity to ‘brush up’ on specific topics with which he or she may be less familiar. 


Each part of our Teach-In series is organised under five main headings: Learn, Check, Build, Investigate and 
Amaze. Learn will teach you the theory, Check will help you to check your understanding, and Build will give 
you an opportunity to build and test simple electronic circuits. Investigate will provide you with a challenge 
which will allow you to further extend your learning, and finally, Amaze will show you the ‘wow factor’! 


E BEGIN this new Teach-In 
2011 series by introducing 
the signals used to convey 


information in electronic circuits, and 
the units that we use to measure the 
quantities in electronic circuits. We 
conclude this part by looking at some 
simple electronic circuits that you can 
build and test using Circuit Wizard 
software (see pages 54 and 71). 


Signals in electronic circuits 
and systems 

This first part of our Teach-In series 
will provide you with an introduc- 
tion to the signals that convey in- 
formation in electronic circuits. We 
will also introduce you to some of the 
units that are used when measuring 
electrical quantities, such as cur- 
rent, voltage and frequency. You will 
learn about the difference between 
analogue and digital signals and how 
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to recognise signals from the shape 
of their waveforms. 

Being able to ‘read’ and interpret a 
circuit diagram or ‘schematic’ is an 
essential skill required of every elec- 
tronic technician and engineer. Many 
different parts and devices are used in 
electronic circuits, and it is important 
that you should be able to recognise 
them, both from the symbols that we 
use to represent them in theoretical 
circuit diagrams and also from their 
physical appearance. 


Signals and signal conversion 


In all forms of communication sig- 
nals are used to convey information. 
The signals that we use in everyday 
life can take many forms, including 
flashing lights, shouting, waving our 
hands, shaking our heads and oth- 


ers forms of ‘body language’. In fact, 
life would be very difficult without 
signals — think about driving a car 
or motorbike in heavy traffic! In this 
section we will look at how signals are 
used in electronics, how they can be 
converted from one form to another, 
and how they are measured. 

In electronics, signals can take 
many forms including changes in 
voltage levels, pulses of current, and 
sequences of binary coded digits or 
bits. Signals that vary continuously in 
level are referred to as analogue sig- 
nals, while those that use discrete (ie 
fixed) levels are referred to as digital 
signals. Some typical analogue and 
digital signals are shown in Fig.1.1. 
Notice how the digital signal exists 
only as a series of discrete voltage 
levels, while the analogue signal varies 
continuously from one voltage level 
to another. 
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Signals can also be quite easily 
converted from one form to another. 
For example, the signal from the 
stage microphone at a live radio 
broadcast will be an analogue signal 
at the point at which the original 
sound is produced (ie on stage). 
After appropriate processing (which 
might involve amplification and/or 
removal of noise and other unwanted 
sounds) it might then be converted 
to a digital signal for radio transmis- 
sion, and then converted back to an 
analogue signal before being ampli- 
fied and sent to the loudspeaker at 
the point of reception. 

A device that converts an analogue 
signal to digital format is called an 
analogue-to-digital converter (ADC), 
while one that converts a digital 
signal to analogue is referred to as a 
digital-to-analogue converter (DAC). 
An electronic system that uses both 
analogue and digital signals is shown 
lit Fie. 1.2. 


Electronic units 


A number of units are commonly 
used in electronics, so we shall start 
by introducing some of them. Later, we 
will be put these units to use when we 
solve some simple circuit problems, but 
since it’s important to get to know these 
units and also to be able to recognise 
their abbreviations and symbols we 
have summarised them in Table 1.1. 


Please note! 


Frequency and bit rate are very 
similar. They both indicate the speed 
at which a signal is transmitted, but bit 
rate is used for digital signals while fre- 
quency is used with analogue signals. 
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Voltage, v Voltage, v 


Time, f Time, ft 


(a) An analogue signal (b) A digital signal 


Fig.1.1. Typical analogue and digital signals 


Transmission equipment 


Sound waves Analogue signal 


Digital signal 
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Pi 

ie 
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/’ + Microphone 
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Audio 
amplifier 


Analogue to digital 
converter (ADC) 


# 


Transmission medium (copper cable, optical fibre or ‘wireless’ system) 


Digital signal Analogue signal 
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Sound err 


Audio 
amplifier 


Digital to analogue 


Recenal converter (DAC) 


Listeners 


Receiving equipment 


Fig.1.2. An electronic system that uses both analogue and digital signals 


Table.1.1: Some electrical quantities and units of measurement 


Unit 
Volt 


Parameter 


Electric potential 


Abbreviation 


Electric current Ampere A A current of 1A flows in an electrical conductor when electric charge is 
(or amp) being transported at the rate of 1 Coulomb per second 


Notes 


Vv A potential of 1V (one Volt) appears between two points when a current 
of 1A (one Amp) flows in a circuit having a resistance of 102 (one 
Ohm). Note that electric potential is also sometimes referred to as 
electromotive force (EMF) or potential difference (pd) 


Electric power Watt WwW Power is the rate of using energy. A power of 1 W (one Watt) 
corresponds to 1 Joule of energy being used every second 

Electrical resistance | Ohm Q An electric circuit has a resistance of 102 when a pd (see above) of 1V is 
dropped across it when a current of 1A is flowing in it 


Frequency 


Bit rate Bits per 


second 


Hertz Hz A signal has a frequency of 1Hz (one Hertz) if one complete cycle of 
the signal occurs in a time interval of 1s (one second) 


bps A signal has a bit rate of 1 bit per second if one complete binary digit is 


transmitted in a time interval of 1s 
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Please note! 


To avoid confusion between the 
symbols and the abbreviations that we 
use for units, the former are normally 
displayed in italic font. For example, 
a capital letter V is used as both the 
abbreviation for voltage and for its unit 
symbol (the Volt). When used as a sym- 
bol in a formula it is conventionally 
shown in italic as V and when used 
as shorthand for volts it is shown in 
normal (non-italic) font as ‘V’. 


Multiples and 
sub-multiples 


Unfortunately, because the numbers 
can be very large or very small, many 
of the electronic units can be cumber- 
some for everyday use. For example, 
the voltage present at the antenna ofa 
mobile phone could be as little as one 
ten-millionth ofa volt, or 0.0000001V. 
Conversely, the resistance seen at the 
input of an audio amplifier stage could 
be more than one hundred-thousand 
ohms, or 100,000. 

To make life a lot easier we use a 
standard range of multiples and sub- 
multiples. These use a prefix letter in 
order to add a multiplier to the quoted 
value, as shown in Table 1.2. 


Please note! 


Exponent notation is often useful 
when performing calculations using 
very large or very small numbers. 
You can use exponent notation 
by pressing the exponent (E) or 
engineering (ENG) button on your 
calculator. 


Converting to/from multiples 
and sub-multiples 


Converting to and from multiples 
and sub-multiples is actually quite 
easy, as the following examples show: 


Example 1 

Convert 7,240Hz to kHz. To do this 
you just need to move the decimal 
point three places to the Jeft. This is 
the same as dividing by 1,000 (because 
there are 1,000Hz in 1kHz). 

Moving the decimal point three 
places to the left tells us that 7,240Hz 
= 7.240kHz = 7.24kHz. 


Example 2 

Convert 2,200,0002 to MQ. To do 
this you need to move the decimal 
point six places to the /eft. This is the 
same as dividing by 1,000,000 (be- 
cause there are 1,000,000Q in 1MQ). 

Moving the decimal point six places 
to the left tells us that 2,200,000 = 
22M, 


Example 3 

Convert 0.625V to 
mV. To do this you 
need to move the deci- 
mal point three places 
to the right. This is the 
same as multiplying by 
1,000 (because there are 
1,000mV in 1V). 

Moving the decimal 
point three places to the 
right tells us that 0.625V 
= 625mV. 


Sine wave 


Example 4 

Convert 14,400kbps 
to Mbps. To do this you 
need to move the deci- 
mal point three places 
to the left. This is the 
same as dividing by 
1,000 (because there are 
1,000kbps in 1Mbps). 

Moving the decimal 
point three places to 
the left tells us that 
14,400kbps =14.4Mbps. 


Pulse wave 


Triangle wave 


square wave 


Complex wave 
(e.g. speech, music) 


Please note! 

Multiplying by 1,000 is equivalent 
to moving the decimal point three 
places to the right, while dividing 
by 1,000 is equivalent to moving the 
decimal point three places to the left. 
Similarly, multiplying by 1,000,000 
is equivalent to moving the decimal 
point six places to the right, while 
dividing by 1,000,000 is equivalent to 
moving the decimal point six places 
to the left. 


Waveforms and waveform 
measurement 


A graph showing the variation of 
voltage or current present in a circuit 


Ramp or sawtooth 


Fig.1.3. Some common waveforms 
Table.1.2: Some common multiples and sub-multiples 


Multiple 

x 1,000,000,000 
<x 1,000,000 
x1,000 


Exponent notation | Prefix 


x10° 


Abbreviation 


Kilo 


Example 


Akbs (4,000 bits per second) 


x0.001 
x0.000,001 
x0.000,000,001 


x107 


x10° 


Milli 


ae pes 


Nano 


45mV (0.045 Volts) 


33uA (0.000033 Amps) 
450nW (0.00000045 Watts) 


SZ 
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is known as a waveform. Waveforms 
show us how voltage or current sig- 
nals vary with time. There are many 
common types of waveform encoun- 
tered in electronic circuits, including 
sine (or sinusoidal), square, triangle, 
ramp or sawtooth (which may be 
either positive or negative going), 
and pulse. 

Complex waveforms, like speech 
and music, usually comprise many 
different signal components at differ- 
ent frequencies. Pulse waveforms are 
often categorised as either repetitive or 
non-repetitive (the former comprises 
a pattern of pulses that repeats regu- 
larly, while the latter comprises pulses 
which each constitute a unique event). 
Some common waveforms are shown 
in. Pig.d.3, 


Frequency 

The frequency of a repetitive wave- 
form is the number of cycles of the 
waveform which occur in unit time (ie 
one second). Frequency is expressed 
in Hertz (Hz), and a frequency of 1Hz 
is equivalent to one cycle per second. 
Hence, if a voltage has a frequency 
of 50Hz, 50 cycles of it will occur in 
every second. 


Periodic time 

The periodic time (or period) of a 
wavetorm is the time taken for one 
complete cycle of the wave (see Fig.1. 
4). The relationship between periodic 
time and frequency is thus: 


Pale] Or pair 


where t is the periodic time (in s) and 
fis the frequency (in Hz). 


Fig.1.4. One cycle of a sinewave voltage 
showing its periodic time 


Example 5 

A waveform has a frequency of 
50Hz. What is the periodic time of the 
waveform? 


Here we must use the relationship 
t=1/f, where f= 50Hz. 


Hence, t= 1/50 = 0.02s (or 20ms) 


Example 6 
A waveform has a periodic time of 
4ms. What is its frequency? 


Here we must use the relationship f 
=-1/t, where t= 4ms or 0.004s. 


Hence, f= 1 / 0.004 = 250Hz. 


Amplitude 

The amplitude (or peak value) ofa 
waveform is a measure of the extent of 
its voltage or current excursion from 
the resting value (usually zero). The 
peak-to-peak value for a wave, which 
is symmetrical about its resting value, 
is twice its peak value (see Fig.1.5). 
These units are usually more conven- 
ient to use when taking measurements 
from a waveform display. 


Pulse waveforms 


When describing rectangular and 
pulse waveforms we use a different 
set of parameters (see Fig. 1.6). These 
include: 


On time, ton 

This is the time for which the pulse 
is present at its maximum amplitude. 
This is sometimes referred to as the 
‘mark time’. 

Note that when a pulse is not per- 
fectly rectangular (ie, when it takes some 
time to change from one level to the 
other), we define 
the off time as the 
time for which the 
pulse amplitude 
remains above 
50% of its maxi- 
mum value. 


Voltage (V) 


Off time, torr 
This is the 
time for which 
the pulse is not 
present (ie, zero 
voltage or current). 
This is sometimes 
referred to as the 
‘space time’. 
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Note that, when a pulse is not per- 
fectly rectangular (and takes some 
time to change from one level to an- 
other), we define the off time as the 
time for which the pulse amplitude 
falls below 50% of its maximum 
value. 


Pulse period, t 

This is the time for one complete 
cycle of a repetitive pulse waveform. 
The periodic time is thus equal to the 
sum of the on and off times (but once 
again, note that this is only valid ifthe 
pulse train is repetitive and is mean- 
ingless if the pulses occur at random 
intervals). 

When a pulse train is not perfectly 
rectangular, the pulse period is meas- 
ured at the 50% amplitude points. 


Voltage (V) 


Time (s) 


Fig.1.5. One cycle of a sinewave volt- 
age showing its peak and peak-to-peak 
values 


Pulse repetition frequency, prf 

The pulse repetition frequency (prf) 
is the reciprocal of the pulse period. 
Hence: 


prf =1/t=1/ (ton + torr) 


Mark to space ratio 

The mark to space ratio of a pulse 
wave is simply the ratio of the on to 
off times. Hence: 


Fig.1.6. A pulse waveform showing ‘on’ and ‘off’ times 
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Mark to space ratio = ton : torr 


Note that, for a perfect square wave 
the mark to space ratio will be 1:1, 
because ton = torr 


Duty cycle 

The duty cycle of a pulse wave is 
the ratio of the on time to the on plus 
off time (and is usually expressed as 
a percentage). Hence: 


Duty cycle = ton / (ton + torr ) x 
100% = ton /t x 100% 


For a perfect square wave, the duty 
cycle will be 50%. 


Cells, batteries and power 
supplies 

Cells and batteries provide the 
power for a wide range of portable 
and hand-held electronic equipment. 
There are two basic types of cell: 
primary and secondary. 

Primary cells produce electrical 
energy at the expense of the chemi- 
cals from which they are made and 
once these chemicals are used up, no 
more electricity can be obtained from 
the cell. An example of a primary 
cell is an ordinary 1.5V AA alkaline 
battery. 

In secondary cells, the chemical 
action is reversible. This means that 
the chemical energy is converted 
into electrical energy when the cell 
is discharged, whereas electrical 
energy is converted into chemi- 
cal energy when the cell is being 
charged. An example of a secondary 
cell is a 1.2V AA nickel cadmium 
(NiCad) battery. 

In order to produce a battery, in- 
dividual cells are usually connected 
in series with one another, as shown 
in Fig.1.9. The voltage produced by a 
battery with n cells will be n times the 
voltage of one individual cell (assum- 
ing that all of the cells are identical). 
Furthermore, each cell in the battery 
will supply the same current. 

Series connected cells are often used 
to form batteries. For example, the 
popular PP3, PP6 and PP9 batteries are 
made from six ‘layered’ 1.5V primary 
alkaline cells, which are effectively 
connected in series. A 12V car bat- 
tery, on the other hand, uses six 2V 
lead-acid secondary cells connected 
in series. 

Where an electronic circuit derives 
its power from an AC mains supply, 
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Fig.1.8. Symbols for cells and batteries 


we sometimes show the supply as a 
box with two terminals (one marked 
positive and one marked negative). 
Treating the power supply as a separate 
unit helps keep the circuit simple. If 
the power supply fails we can simply 


Fig.1.10. A typical power supply 


Cells connected 
in series 


Fig.1.9. Series arrangement of cells 


replace the entire unit in much the 
same way as we would replace a set of 
exhausted batteries. 


Step-down Bridge Smoothing Voltage 


Fig.1.11. A block schematic representation of the power supply in Fig.1.10 
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A typical power supply which has 
an AC mains input and DC output is 
shown in Fig.1.10. Fig.1.11 shows 
how we can represent the power sup- 
ply using a simple block schematic 
diagram. Note that we have not shown 
any switches, fuses or indicators in 
this diagram! 


Please note! 


We refer to the output voltage pro- 
duced by a battery or a power supply 
as an electromotive force (EMF). Elec- 
tromotive force is measured in volts, 
V. In contrast, we refer to the voltage 
drop across an electronic component 
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(such as a resistor or capacitor) as a 
potential difference (pd). Potential 
difference is also measured in volts 
(V). 

The best way to distinguish be- 
tween EMF and pd is to remember 
that EMF is the ‘cause’ and pd is the 
‘effect’. 


Check — How do you think you are doing? 


Short answer questions 


1.1. Explain the difference be- 
tween analogue and digital signals. 


1.2. List the units used for each of 
the following electrical quantities: 


(a) current 
b) potential 
C 


) power 


e) frequency 


( 

( 

(d) resistance 
( 

(f) bit rate. 


1.3. Explain what is meant by each 
of the following abbreviations: 


Long answer questions 


1.11. Fig.1.12 below shows an elec- 
tronic system that uses both analogue 
and digital signals. Take a careful 
look at the diagram and see if you 
can understand how it works before 
answering the following questions: 


(a) Explain the purpose ofthe system 

(b) At which points (A, B, C etc.) 
do the signals exist in digital form 
and at which points do they exist in 
analogue form? 

(c) What form do the signals have 


when they are present in the wireless 
(radio) link? 


1.4. An amplifier requires an 
input signal of 0.055V. Express 
this in mV. 


1.5. An ADC operates at a bit rate 
of 125kbps. Express this in Mbps. 


1.6. A current of 75yA flows ina 
resistor. Express this in mA. 


(dq) Can» you 
suggest any ad- 
vantages and/or 
disadvantages of 
the system? 


Voltage (V) 


125, Hiei 
shows a wave- 
form diagram. 


(a) What type 
of waveform is 
shown? 

(b) What is the amplitude of the 
waveform? 

(c) What is the period of the wave- 
form? 


1.7. A radio signal has a fre- 
quency of 0.465MHz. Express 
this in kHz. 


1.8. A portable CD player uses a 
battery which has four 1.5V cells 
connected in series. What EMF 
does this battery supply? 


1.9. Explain the difference between 
EMF and pd. 


1.10. Explain the difference be- 
tween primary cells and secondary 
cells. 


fig tavoece Question 1.12 


(d) What is the repetition fre- 
quency of the waveform? 


(e) What is the mark-to-space 
ratio of the waveform? 


Hig 127 2oee Question 1.17 
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Build — The Circuit Wizard way 


NE of the problems with elec- 
tronics is simply the amount of 
kit that you need to get started. Even 
a basic starter set-up could run in to 
hundreds of pounds; soldering iron, 
hand tools, circuit board, wires, leads, 
components, test equipment — it all 
adds up! Therefore, the ‘Build’ section 
of our Teach-In series is going to focus 
around using Circuit Wizard, a really 
great piece of circuit simulation soft- 
ware that runs on your Windows PC. 

In this way, you’ll have access to 
literally thousands of components, a 
full range of ‘virtual test equipment’ 
along with real-time simulation and 
tools to help you actually visual- 
ise the operation of your circuits. 
There’s also the ability to build 
breadboard circuits and convert 
your circuits into a printed circuit 
board (PCB) design that can then be 
manufactured. We really feel that 
it’s the ideal way to get started with 
electronics, so much so that, with 
the next issue of EPE, we will give 
away a free CD-ROM containing a 
‘demo’ version of the Circuit Wizard. 


Simulation 


Students of electronics are often 
confused by the fact that you can’t 
actually see what’s going on inside 
a circuit. In a mechanical machine 
it’s easy to see things moving and 
working, but we have none of these 
visual clues when working on an 
electronic circuit. 

Computer simulation neatly over- 
comes this problem by providing a 
visual representation of what’s going 
on under the surface. This might in- 
clude the flow of current in wires, the 
voltage at various points in a circuit, 
or the charge present in a capacitor. 

In industry, the use of software for 
simulation, design and manufacture 
of electronic products is the norm. In- 
deed, being able to make effective use of 
software tools is now a key skill for any 
aspiring electronic engineer or hobbyist. 

A standard licence for Circuit 
Wizard costs around £60 and can be 
purchased from the editorial office of 
EPE — see the UK shop on our website 
(www.epemag.com). Further informa- 
tion can be found on the New Wave 
Concepts website; www.new-wave- 
concepts.com. The developer also of- 
fers an evaluation copy of the software 
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Fig.1.14. Circuit Wizard screenshot showing the use of ‘virtual instruments’ 


that will operate for 30 days, although 
it does have some limitations applied, 
such as only being able to simulate 
the included sample circuits and no 
ability to save your creations, this is 


B a 


Voltage [V] 


4 6 


the software that will be free with EPE 
next month. However, if you’re seri- 
ous about electronics and want to fol- 
low our series, then a copy of Circuit 
Wizard is a really sound investment. 


Capacitor Charging—Shows the 
charging and discharging of a 
capacitor, 


Click on SW1 and follow the 
graph to see the curves 
generated by the capacitor. 


Graph of XSC1 


Go 10 12 


Time [s] 


Fig.1.15. A capacitor charging circuit showing charge building up on the plates, 
voltage levels and a graphical plot of voltage against time 
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Fig.1.16 A logic-based electronic dice in ‘logic view’ showing digital signal levels at each point in the circuit 


| é Gallery ¥ | 


In this instalment, we’re going to 
look at installing and getting started 
with Circuit Wizard. In future months 
we will be using the software to in- 
vestigate the theory and circuits that 
you will meet in ‘Learn’. We’ll also 
develop electronic devices and use 
Circuit Wizard to design and produce 
PCBs so that you can make the real 
thing! 


Installation 


Installation of Circuit Wizard is very 
straightforward, and it’s a surprisingly 
small installation for what is such a 
powerful piece of software. Our install 
process took no more than quarter of 
an hour from start to finish. During the 
installation process you'll be asked to 
enter a licence key which will be sup- 
plied with your install disc. 

When you run Circuit Wizard for the 
first time you will be asked to obtain a 
release code, which can be done over 
the ‘phone or via the developer’s web- 
site where the release code is then sub- 
sequently e-mailed to you. This needs 
to be done within a 60-day window or 
the software will cease to load. 


First looks 


The user interface is both clean and 
intuitive. The main white drawing 
area fills most of the screen, with the 
standard Windows menus and toolbar 
across the top. A tabbed pane on the 
right-hand side of the screen presents 
a ‘Getting Started’ menu, where you 
can access various samples/tutorials 
and gain help. 


Clicking the ‘Gallery’ tab exposes 
an extensive library of components 
and test equipment. Tabs on the far 
left of the screen allow you to see your 
circuit in various different ‘views’. 
These are designed to help you see 
what’s actually going on in your cir- 
cuits by colouring and/or animating 
the circuit diagram to show voltages/ 
currents. 

This is a really nifty feature, al- 
lowing you to actually see electron- 
ics in action. There are a number of 
preset views or you Can create your 
own to suit. Along the bottom of the 
screen a row of tabs allows you to 
change between different pages of 
your design. 

‘Drawing’ is where you would ac- 
tually enter and simulate a circuit, 
‘PCB Layout’ is where you would 
produce a PCB design (as well as 
working with virtual test equipment 
and breadboards). Finally, ‘Bill of 
Materials’ generates an inventory/ 
costing of the components used in 
your circuit. 


Finding your way around 


By far the best way to get started 
with Circuit Wizard is to follow the 
euided tour screen videos and ex- 
periment with the sample circuits 
provided. All of these are directly 
accessible from the ‘Getting Started’ 
page in the right-hand pane (click on 


Fig.1.17. Circuit Wizard’s 
Gallery of components and 
test equipment 
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Circuit Symbols 


Power Supplies 


Batteries, Voltage Control... 


Connectors 
Sockets, Terminal Blocks... 


Input Components 


Switches, Sensors. 


Passive Components 
Resistors, Capacitors, 
Inductors... 


Discrete Semiconductors 
Diodes, Transistors... 


Logic sates 
SHO, OF, HANG, HOR, 
Inverter... 


Integrated Circuits 
Tirners, Amplifiers, Drivers, 
Digital, Microcontrollers... 


Oukouk Components 
Audio, Larnps, LEDs, Relays, 
Plobors va 


Test Equipment 


Virtual Instruments 
Multimeter, Oscillascape,., 


a1 
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the ‘Assistant’ tab ifthe circuit gallery 
view is shown). 

The screen videos explain the basic 
operation of the software but lack 
sound, with only written descriptions 
appearing on the screen; this does 
make for slow progress. If you’re a con- 
fident computer user you may want to 
just jump straight in and explore over 
fifty sample circuits that are included 
and get to know the software hands-on. 


Getting Started 


Welcome to Circuit Wizard, 


Get up and running quickly by exploring 
the topics below, Use the buttons above 
to navigate around this window, 


Latest News 
Read the latest news and 
information For this product, 


we, 
Guided Tour 


Start here to leam the basics of 
creating circuits with Circuit Wizard, 


Sample Circuits 
Explore a range of sample circuits 
and projects, 


Obtaining Help 
See how to get the most out of 
Circuit Wizard, 


Fig.1.18. Circuit Wizard provides a 
good selection of starter materials 


The sample circuits are split by com- 
plexity into three folders; simple, basic 
and advanced. Each of these is then 
further divided into sub-categories, 
which really showcase the extensive 
features of the software. The sample 
circuits are excellent and contain 
instructions on how to test out the cir- 
cuit — they’re also really educational, 
so you might even learn something 
about electronics as you discover the 
software too! 

In next month’s instalment, we’ll 
be showing you how to enter and test 
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The Circuit Wizard way 


some simple circuits that will be un- 
derpinned by the theory covered in our 
‘Learn’ section. Until then, you might 
like to get yourself a copy of Circuit 
Wizard and have a play! If you’re re- 
ally keen to get stuck in, check out 
our Teach-In 2011 website at www. 
tooley.co.uk/teach-in, where you can 
download some further examples. 


Fig.1.19. A typical bench oscilloscope 


AVEFORMS are usually dis- 
played using an instrument 
called an oscilloscope. You will learn 
more about this instrument later in 
the series. Oscilloscopes can be stand- 
alone test instruments (see Fig.1.19) or 
they can be virtual instruments that 
use a PC’s in-built signal processing 
capabilities (eg, the analogue-to-digital 
converter in a PC sound card). 
Fig.1.20 shows a typical virtual in- 
strument display obtained by using a 
soundcard oscilloscope program. The 
program receives its data from the 
computer’s sound card with a sampling 
rate of 44.1kHz and a resolution of 16- 
bits. The data source can be selected 
by the PC’s own sound card controls 
(eg, microphone, line input or wave). 
The frequency range of the instrument 
depends on the performance of the 
computer’s sound card, but is typically 
accurate over the range 20Hz to 20kHz. 


~~ Channel 1 (left) 


Oscilloscope | %-¥ Graph | Frequency Analysis | Signalgenerator | Extras | 


Invesigae == 


The oscilloscope also contains a 
simple signal generator producing 
sine, square, triangle and sawtooth 
waveforms in the frequency range from 
0 to 20kHz. These signals are available 
at the speaker output of the sound card. 

Take a careful look at Fig. 1.20 and 
use it to answer the following questions: 


(a) What type of waveform is shown? 


(b) What total time interval is dis- 
played on the screen: (Hint: look at the 
horizontal scale) 

(c) What settings are used for the 
vertical and horizontal scales on the 
oscilloscope display? 

(d) What is the greatest positive volt- 
age present in the waveform sample? 

(e) What is the greatest negative volt- 
age present in the waveform sample? 

(f) What is the overall peak-peak 
voltage of the waveform? 


vy 500m perDiv ——Channel2 (right) 


Fig.1.20 See the Investigate questions 
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Answers to Questions 


1.1. Analogue signals vary con- 
tinuously in voltage and current 
whilst digital signals can only 
exist in discrete levels of voltage 
or current. 


1.22. (a) Ampere, (b) Volt, (c) 
\Watte (a) Ohm (e)) cerz. (f) bits 
per second. 


1.3. (a) millivolt, (b) kilohertz, 
(c) microamp, (d) megahertz, (e) 
kilohm, (f) nanowatt, (g) kilobits 
per second. 


1.4. 55mV 

1.5. 0.125Mbps 
1.6. 0.075mA 
1.7. 465kHz 
1.8. 6V 


1.9. EMF is used to describe 
the output voltage produced by a 
battery or power supply. Potential 
difference is used to describe the 


voltage drop that appears across a com- 
ponent such as a resistor or capacitor. 


1.10. Primary cells produce elec- 
trical energy from a non-reversible 
chemical reaction and must be dis- 
posed of when exhausted. Secondary 
cells make use of a reversible chemi- 
cal reaction and can be recharged and 
used again. 


1.11. (a) Wireless data link between 
computer systems, (b) A digital; B 
analogue; C analogue; D analogue; 
E analogue; F digital, (c) Sinewave 
radio frequency with superimposed 
(modulated) signal information, (d) 
Disadvantages: lack of security com- 
pared with systems linked by cable, 
may suffer from interference to/from 
other nearby wireless systems; Advan- 
tages: simple to install, does not need 
permanent cabling. 


1.12. (a) pulse wave, (b) 5V, (c) 5ms, 
(d) 200Hz, (e) 1:2 
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Download a copy of the Soundcard 
Oscilloscope software and investigate 
the operation of the program using 
some typical signals applied to the 
microphone or auxiliary inputs of a 
PC. The software is available from 
Christian Zeitnitz’s website: http:// 
www.zeitnitz.de/Christian/scope_en 


Next month 


In next month’s Teach-In 2011 we 
shall be looking at resistors and ca- 
pacitors. Examples of these two passive 
components are found in almost every 
electronic circuit. Furthermore, when 
used together, these two components 
form the basis of a wide range of elec- 
tronic timing and delay circuits. 

We shall be investigating the be- 
haviour of these circuits using Circuit 
Wizard. 


For more information, links and 
other resources please check 
out our Teach-In website at: 


www.tooley.co.uk/ 
teach-in 


Technobots 


Electronic & Mechanical Components 


T2Retail.co.uk 


| movie: oe of the widest nee of poeeneeear? fort the a 
electronics and engineering enthusiast “a 


Opto Electronics 


Battery Products 
Chargers & PSU's 


Controller Boards 
Including Arduino 


Breakout Boards 


0 
PS 
Sales Line Open Mon-Fri 9am -5pm 


ULISZ 770 O77 


Visit our online store to see 
our vast range 


NHS, Local Government and Education Purchase orders 
welcome as well as trade enquiries. 
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Fast Fourier Transform (FFT) and LTspice 


OR the past couple of issues we have 
covered the topic of Total Harmonic 
Distortion (THD) in response to a question 
from frequent EPE Chat Zone contributor 
741. We have looked at the definition of 
THD and related characteristics, and the 
theory behind these. We also looked at ways 
to measure THD, which was part of 741’s 
original question. 

As readers of the previous THD articles 
will have seen, the frequency spectrum of a 
signal is important to the understanding of 
THD, and can be used directly to calculate 
THD. Spectra are an important tool for 
studying signals and have many uses, not just 
the calculation of THD. 

The spectra which we drew to illustrate our 
THD discussion were straightforward and 
clear-cut. However, when using real spectrum 
analysers and simulators to observe spectra, 
the situation is rarely so simple. This leads 
us to the second part of 741’s question about 
measuring and observing a signal’s spectrum 
using a Fast Fourier Transform (FFT). 


On LTspice I placed an ideal sine 
generator, then chose View/FFT. I noticed 
the wide ‘skirts’ leading up to the peak at the 
sine frequency. I wondered what determines 
the sharpness of the peak. 


Spicing it up 


Before getting to the specifics of 741’s 
question we will take a brief look at the 
SPICE simulation, for the benefit of readers 
who may not be very familiar with it. We 
will then look at the general concepts behind 
calculating a spectrum, because some 
understanding of this will make the settings 
in the LIspice dialog (which controls the 
display of an FFT) much more meaningful 
and easier to use. 

This will also help with understanding the 
errors and approximations which can occur 
in a spectrum, which are at the heart of 741’s 
question. Next month, we will look in more 
detail at the specifics of using LTspice to 
display spectra. 

Spice is an acronym for Simulation 
Program with Integrated Circuit Emphasis. It 
was originally developed in the early 1970s 
at the University of California, Berkeley (see 
http://bwrc.eecs.berkeley.edu/Classes/ 
IcBook/SPICE/ and _http://embedded. 
eecs.berkeley.edu/pubs/downloads/spice/ 
index.htm) and is still available from there. 
Spice is now a de facto industrial standard 
for computer-aided electronic circuit analysis 
with many commercial versions based on the 
original work from Berkeley. 

Although Spice was initially developed 
for analysing ICs, it can be applied to any 
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electrical network (of resistors, capacitors, 
transistors etc). It was originally an analogue 
circuit simulator, but modern’ versions 
allow logic gates and more complex digital 
functions to be included, allowing digital and 
mixed-signal (analogue and digital) circuits 
to be simulated. However, Spice would 
not normally be used for large fully digital 
circuits. 


Spice simulation 

To simulate a circuit with Spice you have to 
first draw the schematic using the simulator’s 
schematic capture software. Alternatively, a 
text description of the circuit (a netlist) could 
be used, as was the case in early versions of 
Spice. 

However, your circuit 
alone is not enough for 
a simulation — you have 
to define what happens 
at its inputs (stimulus 
signals) and outputs 
(eg, appropriate loads). 
You also need to specify 
what kind of simulation/ 
analysis to perform and 
provide the necessary 
parameters (eg, how 
much time to spend 
simulating). We will 
be looking at the use 
of transient simulation 
and the FFT analysis 
mentioned by 741. 

Professional — Electr- 
onics Computer Aided 
Design (ECAD) software 
can be very expensive, 
but fortunately for the 
amateur on a tight budget 
there are a number of 


SINE(0 11k) | 


.tran .5m 


Fig.1. A very simple circuit can be used to 
get a spectrum (FFT) analysis in Spice to 
investigate the effect of various simulation 
and analysis parameters 


NOTE: Founer components are normalized to 
comespond to the tine domain AMS arnplitude. 


Ctrl-Click to toggle 


Nurniber of data point samples in tine: eb | 44 te 


Quadratic interpolate uncompressed data 


© Time range to include 


Start Time: (@) Use Extent of Simulation Data 
End Tire: () Specify a time range 


€) Use current zoom Extent 


free Spice simulators 
available. The LTIspice 
simulator to which 741 
refers is one of these. It 


~ Binomial Smoothing dane before FFT and windowing 


Number of Points: 


can be downloaded in its 
full form from the Linear 
Technology website: 
www.linear.com/ 
designtools/software/. 
LTspice is optimised 
for simulating switc- 
hed-mode power sup- 


~Windowing [Penodic and normalized to unit areal 


Windowing Function: 


Kaleerbessel Parameter Beta: 


NOTE: The OC component i removed before windowing. 


Preview vf indo 


plies, which form 
an important part of 
Linear Technology’s 
product line. However, 
it also does a fine job with ‘ordinary’ 
Spice simulation tasks. Linear Technology 
produced the simulator because many 
other Spice simulators struggled with 


Reset to Default Values | 


Fig.2. The FFT dialog in LI spice; under- 
standing the parameters set in this dialogue 
is necessary to get the best out of spectral 
analysis 
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Switch-mode circuits, due to the 
complexity of the waveforms involved. 
It comes with a set of models of Linear 
Technology devices, including op amps 
(over 300 of them) and regulators, but 
other ‘standard’ Spice models will work 
with it if you have them available. 


Easy to use 


LTspice has an easy-to-use user interface 
and it is very straightforward to change 
something in a circuit and run the simulation 
again to see what difference it makes. Linear 
Technology’s philosophy in designing the 
simulator was to allow a lot of flexibility, 
while providing sufficient warning messages 
if circuits are badly flawed. However, 
analogue circuit simulation is not a mindless 
point and click activity. Spice simulations 
can sometimes produce apparently wrong 
or misleading results without producing any 
error Messages or warnings. 

This is a problem if the user does not 
understand its limitations, how to interpret 
the results, or how to use the right options and 
settings to get the best results. 741’s question 
is an example of this — FFT analysis may 
produce apparently strange results if the data 
or settings are insufficient or inappropriate. 


Minimal circuit 


A very minimal circuit can be used 
to experiment with the FFT function in 
LIspice. All you need is a voltage source 
and a resistive load, as shown in Fig.1. The 
spectrum of the voltage across the load can be 
displayed and the various parameters of the 
simulation and the way the FFT is calculated 
can be varied to see what effect they have on 
the spectrum displayed. The voltage source 
can be switched between a sinewave and 
a square wave to create a simple, or more 
complex, true spectrum, as required. 

To get a spectrum like the one 741 is asking 
about, do the following. Enter the schematic 
shown in Fig.1, right click on the voltage 
source, click on ‘Advanced’ and select a sine 
function in the voltage source dialog. Set the 
amplitude to | and the frequency to 1kHz and 
click OK to close the dialog. 

Use the ‘Edit Simulation Cmd’ function 
from the Simulation menu and _ select 
transient simulation. Enter a stop time of 5m 
and click OK. Run the simulation and add 
vout as a trace on the waveform window. You 
should see five cycles of a 1kHz sinewave. 
Right click on the waveform and select View 
-> FFT. This will open the FFT dialog (see 
Fig.2). Check vout is selected and click OK. 

The spectrum produced will be like that 
shown in Fig.3 (this shows only part of the 
default spectrum displayed). We would 
expect a very narrow peak at IkHz and 
nothing at other frequencies. There is a peak 
at IkHz, but, as indicated by 741, it is much 
wider than expected, ranging from 800Hz 
to 1.2kHz. This is due to spectral leakage, 
which we will discuss later. 

There is also a lot of ‘noise’ at other 
frequencies, much of which is due to the fact 
that LT'spice compresses the waveform data 
from the simulation. A better spectrum is 
obtained if the compression is disabled, we 
will discuss this next month. 

In order to understand how to get the most out 
of a spectrum (FFT) analysis in Spice, we need 
to be aware of a few things about how spectra 
are produced from measured or simulated data, 


Fig.3. The influence of things such as data compression and spectral leakage 
result in a spectrum which is not very close to that expected for a pure sinewave 


and the errors and approximations which are 
inherent in this process. 


Fourier series 


As we mentioned in the previous article 
on THD, one of the mathematical concepts 
underlying the spectrum is the Fourier 
series. Any periodic waveform can be 
formed from a sum of sinewaves at different 
amplitudes, and a plot of the amplitude 
of these frequencies (against frequency) 
is called a spectrum. More specifically, a 
Fourier series is a set of frequencies which 
are multiples of a fundamental frequency. A 
frequency which is n times the fundamental 
is called the nth harmonic. The only periodic 
waveform which has only one frequency in 
its spectrum is the sinewave itself. 

The Fourier series is a powerful math- 
ematical tool for understanding and 
analysing signals, but it has the limitation that 
it only applies to periodic signals, of which 
sinewaves and square waves are simple well 
known examples. More generally, a periodic 
waveform is one for which we can draw a 
portion of the waveform of length, 7) in 
time and the whole waveform consists of 
this shape repeated continuously. 71s called 
the period of the waveform. Many real- 
world signals are not periodic (eg, voice 
signals and one-off pulses). 

We will not go into the details of the 
mathematics here, but it is possible to extend 
the idea of the Fourier series to cover non- 
periodic waveforms. Briefly, what happens 
is that instead of the spectrum being a set 
of individual discrete frequencies (the 
harmonics we mentioned above), we get a 
spectrum which is a continuous function of 
frequency. 

Most readers will be familiar with the 
idea of an analogue signal or waveform 
— one that varies continuously with time, 
and which can take any value (within a 
specific range). At each instant in time 
an analogue signal has a defined value, 
which may be different from the value at 
any other instant. Similarly, the spectrum 
of a non-periodic signal is ‘analogue’ — 
the amplitude varies continuously with 
frequency and may have a different value 
at each and every frequency. 
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Fourier transform 


The mathematics which defines the 
continuous spectrum of a signal is called the 
Fourier transform. Thus, if we have a signal 
we are interested in, in theory we can apply 
the Fourier transform to the signal to find its 
spectrum. There is, however, another practical 
difficulty here. We do not know (in general) 
the mathematical function which represents 
our signal; but this is the ‘input’ required by 
the Fourier transform. Looked at another 
way, we would need an infinite number of 
measurements, even for an arbitrarily small 
section of signal, (or simulation data points) 
in order to find the spectrum. 

In practice, we have to measure (sample) 
the signal (or perform the simulation) at 
finitely spaced time points, and use just this 
data. As the Fourier transform is defined 
for continuous signals, we have to again 
adapt the mathematics to account for this 
limitation. For sampled signal data we can 
use the Discrete Fourier Transform (DFT) to 
find the spectrum. 

Using the DFT we are able to build 
hardware, or write software, which will find 
the spectrum of an arbitrary signal. However, 
there are still a couple of limitations to 
consider. First, we can only consider the 
signal for a limited time, whereas the DFT 
is defined in terms of an infinite number of 
sample points (over infinite time). This is 
not the same problem as with the Fourier 
transform, because a finite section of 
waveform is now represented by a finite 
number of sample points. 

By using a limited number of samples we 
do not break the technique, but we do reduce 
the accuracy of the spectrum we produce; we 
will look at this in more detail in a moment. 
The number of sample points is one of the 
parameters which can be set by the user when 
calculating a spectrum using LTspice. 

The second limitation is that we can only 
perform the DFT calculation a finite number 
of times. So practically, we can only find 
a discrete spectrum, rather than the true 
continuous spectrum. 

Each DFT calculation provides us with 
a single frequency point in our spectrum 
(amplitude at that particular frequency) 
— plotted directly, the spectrum will 
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RELATIVE 
CONTRIBUTION 
TO SPECTRUM 


FREQUENCY 


Fig.4. Variation in weighting of contri- 
bution to spectrum with frequency (the 
picket fence effect) 


a) ORIGINAL WINDOW DATA 
(RECTANGULAR WINDOW) 


0) 05 0:2>0'3> 04 0:5. 0:6 0:7 0:8" 0:9 120 


b) WINDOW FUNCTION (HAMMING WINDOW) 


c) DATA USED FOR DFT CALCULATION 
AFTER APPLYING WINDOW FUNCTION 
FROM b) 


Fig.6. Applying a window function to the 
set of data used to produce the spectrum 
can improve the quality of the spectrum 
by reducing discontinuities introduced 
by imposing the window 


look like a histogram. Of course, if we 
calculate a large number of frequency 
points we can plot them on a graph witha 
smooth curve through them and get what 
looks like a continuous spectrum (like 
Fig.3). 


Picket fence 


It is useful to think of the spectrum 
as being like a_ histogram, with the 
spectrum divided into frequency bins, but 
unfortunately the DFT spectrum is not a 
perfect histogram of the frequency content 
of the signal. In comparison, if we were 
looking at the statistics of people’s height, 
everyone between S5ft 44%in and 5ft 5in 
could be classed as being 5ft 5in (put in the 
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VOLTAGE 


a) ORIGINAL WAVEFORM 


VOLTAGE 


, WINDOW REGION 


b) SAMPLED WAVEFORM SHOWING WINDOW REGION OF DATA USED FOR DFT CALCULATION 


Fig.5. The data used to display a spectrum is a window of samples of the original 


analogue waveform 


‘Sft 5in bin’ in the histogram). Everyone in 
this range would have an equal influence on 
the total height of the relevant bar on the 
histogram. 

However, for a DFI-based spectrum 
frequencies close to the centre of the bin 
(the exact frequency at which the DFT 
calculation is performed) have a stronger 
influence on the spectrum than those in- 
between (see Fig.4). This would be like 
giving more importance in height statistics 
to people who were close to an exact 
number of inches tall, and less importance 
to those in-between. 

The nature of the DFT means that the 
frequencies at which the spectrum is 
calculated do not necessarily coincide with 
the most important frequencies in the original 
signal. This is exasperated by the uneven 
weighting described earlier. The result is 
referred to as the picket fence effect, because 
the DFT spectrum is like looking at a scene 
through a picket fence, you can only see 
through the gaps, and may miss important 
details. 

Specifically, the DFT spectrum may show 
peaks in the spectrum as frequencies different 
from the actual peaks, and the actual peaks 
are likely to be lower than those in the true 
spectrum. The shape of the weighting graph 
in Fig.5, may also remind you of a picket 
fence, 


Limitation 

Returning to the limitation of a finite 
number of samples, this is illustrated 
in Fig.6, which shows that the set of 
samples we actually use is like a window 
looking at part of the signal. The fact that 
we look at just this window, rather than 
the whole signal, distorts the spectrum 
that we observe; we can never see the 
true spectrum. Mathematical analysis of 
this distortion shows that the observed 
spectrum is spread out compared with the 


true spectrum. This is known as a spectral 
leakage. This accounts for the ‘skirts’, 
or lack of peak sharpness, which 741 
observed. 

The abrupt start and finish of the 
window shown in Fig.5 results in a large 
amount of spectral leakage. This can be 
used by decreasing the amplitude of the 
samples towards the end of the window. 
To do this, the data in the window is scaled 
by a windowing function, as illustrated in 
Fig.6. 

Windowing functions can be selected 
in the FFT dialog in LTspice (Fig.2), and 
there are many to choose from. For simple 
repetitive waveforms like sinewaves, 
window functions may not help much, but 
the rectangular window must be aligned 
correctly with the waveform to get a good 
spectrum. 

So far in this article we have referred 
to the Discrete Fourier Transform (DFT) 
many times, whereas 741’s question 
mentioned the Fast Fourier Transform 
(FFT). They are, in fact, the same 
thing. The FFT is a very clever way of 
implementing the DFT mathematics in 
hardware or software. 

It is very efficient and fast (hence the name 
of course), but it normally requires that the 
number of waveform data points used is a 
power of 2; this is not usually an onerous 
restriction. You will see that the ‘number 
of data point samples in time’ parameter in 
the LT'spice FFT dialog (Fig.2) can be set in 
powers of two from 256 (2°) to 16777216 
(2™). 

In this article we have looked at some 
aspects of the DFT (and hence FFT), which 
is used by LI spice to display spectra for 
simulated waveforms. These ideas help us 
understand some of the parameters which 
can be set in the FFT dialog. Next month, we 
will look in more detail at how to use LT’spice 
to display useful spectra. 
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LTHOUGH _ electronic project 
Brconsirsction is an all-year-round 
pastime, at the time of writing this piece 
the children are going back to school after 
the summer holidays, the day lengths are 
rapidly shortening, and it is what some 
regard as the beginning of the ‘electronics 
season’. I suppose it makes sense to make 
use of any good summer weather while 
the opportunity is there, and leave indoor 
hobbies for times when conditions are 
not conducive to most outdoor pursuits. 
As the days shorten, it is time to dust off 
the soldering iron. 

This is also the time of year when 
an indoor hobby such as electronic 
project construction tends to get an 
influx of new recruits. Any hobby can 
be a little intimidating for newcom- 
ers, but a highly technical hobby such 
as electronics is perhaps more daunt- 
ing than most. 

It would be misleading to say that 
‘there is nothing to it’, but it 1s prob- 
ably not as difficult as it might at first 
appear. While it makes sense to ‘do 
your homework’, and gain a basic 
understanding of what is involved 
before starting your first project, the 
only way of learning to build elec- 
tronic projects is to ‘grasp the nettle’ 
and try building a few. 


Problem of scale 

As with practically any creative 
hobby, it will be necessary to obtain 
some ‘tools of the trade’ before get- 
ting started. Although some of the 
tools required are the type of thing 
that can be found in the toolbox of 
an average household, many are not. 
What are the tools that will be needed 
before work can be started on a few 
simple projects? 

I think it 1s worth pointing out 
straight away that while many of the 
tools in the average toolbox will be 
the right type of thing for building 
electronic projects, they may be too 
large for working on most projects. 
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There is more than a grain of truth 
in the old joke about the electronics 
company that was so successful it 
moved to smaller premises! 

Electronic projects have become 
much more sophisticated and complex 
over the years, but most of the com- 
plexity is in the minute silicon chips 
at the heart of integrated circuits. Cir- 
cuit boards, and the gadgets that con- 
tain them, are mostly quite small these 
days. 


Practical consequence 


The practical consequence of this 
is that things like the files and screw- 
drivers in a typical toolbox are out of 
proportion to many electronic projects. 
These tools might still be very useful 
from time to time, especially when 
building the occasional large project, 
but it will probably be necessary to buy 
something smaller for use when build- 
ing small and medium-sized gadgets. 

A set of miniature files, or ‘needle’ 
files (Fig.l) as they are sometimes 
called, are very useful. They can be used 
to make minor adjustments to holes that 
are drilled slightly off-centre, to make 


Fig.1. Needle files are often sold in 
sets containing a variety of shapes, 
but a round type is all that is needed 
for making cutouts. Other types can 
be used for tidying assorted holes 


Practically Speaking 


Robert Penfold looks at the Techniques of Actually Doing it! 


rectangular or odd shaped cut-outs in 
panels, and for tidying any slightly 
rough edges. 

Probably most people have an elec- 
trician’s screwdriver that is suitable 
for fitting plugs to mains leads and the 
like, and one of these can be very use- 
ful when building electronic projects. 
One or two of the very small types are 
likely to be even more useful though. 
These are needed for such things as 
tightening the grub screws that fix 
control knobs in place, and adjusting 
some types of preset control. 


Hole truth 


While virtually any hand or power 
drill can be used for drilling holes in 
cases, some are much better than oth- 
ers. The small size of most projects is 
again something that has to be borne 
in mind, and the fact that many proj- 
ects are housed in cases made from 
a fairly soft plastic is also an impor- 
tant factor. Many projects have metal 
cases or plastic cases that have metal 
front panels, but the metal is usually 
aluminium, which is a relatively soft 
metal. 

A large electric drill that is designed 
for making holes in brick walls is not 
well suited to most electronic project 
work. It would definitely be an exam- 
ple of ‘using a sledgehammer to crack 
a nut’. 

A large power drill that has speed 
control will probably provide good 
results if the speed control is set to- 
wards the slower end of its range. 
This is especially important when 
working on plastic cases. Drilling 
plastic using a high-speed drill is not 
a good idea, and you even have to be 
careful when cutting plastic by hand 
using something like a hacksaw or a 
coping saw. 

Drilling or cutting soft plastics tends 
to produce a lot of friction, and the 
heat generated can melt the plastic. 
This usually produces some very rough 


Everyday Practical Electronics, November 2010 


looking results, and the drill bit can be- 
come caked with plastic. In an extreme 
case, you can end up with the drill bit or 
saw blade welded to the case by solidi- 
fied plastic. 

With any power drill, mounting it 
in a good quality stand should give 
much better control, making it rela- 
tively easy to obtain precise results. 
If the drill has to be used hand-held, 
then a small cordless electric drill is a 
better choice. 

Once again, one that has a slow 
speed setting or a variable speed con- 
trol is likely to be easier to use and 
provide better results. A hand drill is 
relatively slow in use and may seem a 
bit old-fashioned, but it provides the 
high degree of control needed when 
working on the softer plastics. 

When I first became interested in 
electronics, which was many years 
ago, drill bits of just three or four well 
chosen sizes were sufficient. Howev- 
er, modern components come in all 
shapes and sizes, and drilling their 
mounting holes requires drill bits in a 
wide range of sizes. A set of HSS drill 
bits from about 2mm to 10mm in di- 
ameter is the type of thing that might 
already be present in your set of tools, 
but if not, it is something that should 
be obtained at the outset. 

The cheapest sets should be avoided 
as they are prone to snapping and soon 
become too blunt to use. A mid-range 
set should be adequate for drilling plas- 
tic and aluminium panels, but some- 
thing more upmarket will probably be 


needed if you use steel cases. Working 
on steel cases is relatively difficult, so 
initially at any rate, it is probably best 
to avoid using them. 


Stripping off 

It is tempting to simply use scis- 
sors or a penknife for cutting wires or 
removing the plastic insulation from 
connecting leads, but using scissors 
is unlikely to give the degree of preci- 
sion needed for project construction. 
Cutting wires with them will soon 
render the scissors useless for cutting 
anything at all. Also, removing plastic 
insulation using anything other than 
proper wire strippers is likely to dam- 
age and seriously weaken the wire. 

The cheapest type of wire strip- 
per implement is one that combines 
wire stripping and cutting in one tool. 
These tools are usually excellent for 
stripping insulation, but sometimes 
struggle when cutting very fine wires. 
They make a good ‘first buy’ though, 
and if necessary a pair of wire cutters 
can be purchased later. Some quite 
sophisticated wire cutters are avail- 
able, such as the spring-loaded type 
(Fig.2 — bottom). A pair of ‘bog stan- 
dard’ miniature wire cutters (Fig.2 — 
top) will suffice though. 

Wire strippers have notched blades 
that leave an aperture for the wire 
(Fig.3). The size of the aperture can 
usually be adjusted to suit the particu- 
lar wire in use. The strippers should 
be set to almost cut through the insu- 
lation so that the unwanted section 1s 


easily broken free, leaving the wire or 
wires undamaged. 

The aperture control might have 
some form of wire gauge calibra- 
tion, but in practice this is not usually 
very helpful because multistrand con- 
necting wire is used in most projects. 
These leads are more flexible because 
they have several fine wires rather than 
one thick one. Finding the best setting 
is usually a matter of trial and error. 


Hot topic 

It is unlikely that a soldering iron 
suitable for electronic work will be 
found in the average toolbox. A small 
electric iron having a rating of about 
15W to 20W is the usual choice for 
electronic project building. 

The very cheap irons that I have 
tried have been short-lived or sim- 
ply did not generate enough heat to 
complete even the smallest of joints 
in a satisfactory manner. The oper- 
ating temperature of one was barely 
enough to melt solder! 

It is not necessary to go to the op- 
posite extreme and buy an expensive 
temperature controlled iron. An iron 
of this type will do an excellent job, 
but is perhaps a bit ‘over the top’ for 
occasional project building. An iron 
of this type could cost more than the 
parts for your first few projects! 

A name which is synonymous with 
soldering is Antex, and their solder- 
ing irons are widely available in the 
UK. I have been using Antex irons 
from their ‘C’ series for longer than I 


Fig.3. The notched blades of wire strippers should pre- 
vent damage to the wires. It is usually possible to adjust 
the size of the aperture formed when the blades are fully 
closed 


Fig.2. The spring-loaded wire cutters (bottom) and the 
conventional type (top) will both do the job well, but the 
conventional type is all that is really needed for electronic 
project work 
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care to remember, and they represent 
a safe choice that is reasonably inex- 
pensive and will do a good job. An 
Antex soldering kit, which includes 
an iron, some solder, instructions, and 
the all-important soldering iron stand, 
is ideal for beginners. 

Do not underestimate the impor- 
tance of a proper stand for the iron. 
The stand keeps the hot iron safe 
when you are not actually solder- 
ing connections, and it also acts as a 
heatsink that helps to prevent the iron 
from overheating. 

Some useful information about sol- 
dering and soldering equipment can 
be found at the Antex website (www. 
antex.co.uk) in the Technical — Papers 
section. Another “must’ to checkout is 
Alan Winstanley’s widely acclaimed 
Soldering Guide at www.epemag.wim- 
borne.co.uk/solderfag.htm 

A small but important point is that 
with most soldering irons it is essential 
to apply a small amount of solder to 
the tip of the bit as soon as it reaches 
its Operating temperature for the first 
time. Otherwise the bit might oxidise, 
causing molten solder to run straight 
off it. This makes it impossible to pro- 
duce good joints until the tip has been 
cleaned and some solder has been ap- 
plied. Cleaning the bit properly without 
damaging it can be difficult, and is best 
avoided. 


Desoldering 


In an ideal world, we would all get ev- 
erything right first time, but in the real 
world a desoldering tool is something 
that most of us need soon after complet- 
ing our first soldered connection. Expe- 
rience suggests that the only inexpensive 
type of desoldering tool that works re- 
ally well is a desoldering pump. 

Having first used a soldering iron 
to melt the solder, the spring-powered 
pump is then used to suck the molten 
solder from the joint. Provided it 1s not 
allowed to get seriously clogged with 
bits of solder, an inexpensive desolder- 
ing pump should last for many years. 


Age-old problem 

In the past, tweezers and some form 
of magnifying glass were sometimes 
recommended for electronics enthu- 
siasts who were ‘not as young as you 
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used to be’. Due to the ever decreasing 
size of modern components, I would 
guess that most project builders would 
find these useful from time to time. Due 
to the small size of modern components 
it can also be difficult to pick them up, 
and even more difficult to accurately 
manoeuvre them into position. 

Practically any small tweezers will 
do, but metal ones are better than the 
plastic variety in the current context. 
Plastic tweezers tend to be less du- 
rable, and might melt if used to hold 
something that gets hot. 

The type of magnifier that has the 
lens on a flexible arm is certainly 
worth trying. These are mounted on 
the edge of the worktop using some- 
thing that is a bit like an outsize 
crocodile clip, thus permitting hands- 
free use. It usually takes a while to 
get used to working with a magnified 
view of things, and the exaggerated 
hand movements you see via the mag- 
nifier, but you get the hang of things 
after a little practice. 

An 8x or 10x magnifying loupe is 
useful when searching for short-circuits 
on circuit boards, and trying to read 
minute lettering on miniature com- 
ponents. These can be obtained from 
some suppliers of craft and hobbyist 
tools, and from photography shops. 


Finally 
Most households are _ probably 
equipped with at least one pair of pli- 
ers, and this is a tool that will certainly 
be needed when building projects. Ide- 
ally, you should have at least a pair of 
electricians’ pliers and a small long- 
nosed type. 
Many modern 
semiconductors 
are vulnerable to 
damage by static 
charges in the en- 
vironment. This 
is a topic. that 
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in an earthed wristband (Fig.4), and 
perhaps an earthed work mat as well 
in due course. 

Although, strictly speaking, they are 
not tools, before embarking on your 
first project it is a good idea to pur- 
chase some multistrand insulated con- 
necting wire and some single strand 
non-insulated wire. The usual choice 
for connecting wire 1s the 7/0.2 variety, 
which has seven strands of 0.2mm di- 
ameter wire. Some 20swg (0.914mm) 
or 22swg (0.711mm) tinned copper 
wire is useful for making link-wires 
on printed circuit boards. 


Fig.4. An earthing wristband can be 
obtained quite cheaply these days, and 
enables sensitive components to be 
handled without fear of ‘zapping’ them 


Before making a start on your first 
project it makes sense to ensure that 
you have the tools and materials for the 
job. Building electronic projects should 
be fun, but it will become tedious if 
you have to keep stopping to buy a new 
tool, some more wire, and so on. 

On the other hand, avoid getting 
overzealous. There is no point in pur- 
chasing a huge collection of tools and 
gadgets, some of which may never be 
needed. Only buy the less general and 
expensive tools as the need arises. 
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has been covered 
recently, so it 
will not be con- 
sidered in detail 
here. However, 
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expensive semi- 
conductors it is 
worth investing 


www.laser.com 


Integrators, Installers, Trade 
and Retail customers welcome 


Laser Business Systems Ltd 
Tel: +44 (0) 20 8441 9788 
Fax: +44 (0) 20 8449 0430 
Email: info@laser.com 

16 Garthland Drive, EN5 3BB 


Everyday Practical Electronics, November 2010 


PIC Training Course 


—) kh fT y wt I, he = 7 
a, ma TT 
PRET || Wh 


ee . <a. ee ae eT 


POU ORUROCOROCCOROCOCOC OVOP RT CCPC Cee ee 


COP 


P928-X PIC Training Course £168 


The best place to begin learning about microcontrollers is the PIC16F1827, the 
new, incredible value, 18 pin PIC. All the features of the PIC16F627A plus an 
analogue to digital converter, four times as much memory, and 10% cheaper. Yet 
it is just as easy to programme. 

Our PIC training course starts in the very simplest way. At the heart of our 
system are two real books which lie open on your desk while you use your 
computer to type in the programme and control the hardware. Start with four 
simple programmes. Run the simulator to see how they work. Test them with real 
hardware. Follow on with a little theory..... 

Our PIC training course consists of our PIC programmer, a 318 page book 
teaching the fundamentals of PIC programming, a 304 page book introducing the 
C language, and a suite of programmes to run on a PC. The module uses a PIC 
to handle the timing, programming and voltage switching. Two ZIF sockets allow 
most 8, 18, 28 and 40 pin PICs to be programmed. The programming is performed 
at 5 volts, verified with 2 volts or 3 volts and verified again with 5.5 volts to ensure 
that the PIC works over its full operating voltage. UK orders include a plugtop 
power supply. 

P928-X PIC Training & Development Course comprising..... 
Enhanced 16F and 18F PIC programmer module 

+ Book Experimenting with PIC Microcontrollers 

+ Book Experimenting with PIC C 5th Edition 

+ PIC assembler and C compiler software on CD 

+ PIC16F1827, PIC16F1936 and PIC18F2321 test PICs 

+ USB adaptor and USB cable........... £168.00 

(Postage & insurance UK £10, Europe £18, Rest of world £27) 


Experimenting with PIC Microcontrollers 


This book introduces PIC programming by jumping straight in with four 
easy experiments. The first is explained over seven pages assuming 
no starting knowledge of PICs. Then having gained some experience 
we study the basic principles of PIC programming, learn about the 
8 bit timer, how to drive the liquid crystal display, create a real time clock, 
experiment with the watchdog timer, sleep mode, beeps and music, 
including a rendition of Beethoven’s Fur Elise. Then there are two projects 
to work through, using a PIC as a sinewave generator, and monitoring 
the power taken by domestic appliances. Then we adapt the experiments 
to use the PIC18F2321. In the space of 24 experiments, two projects 
and 56 exercises we work through from absolute beginner to experienced 
engineer level using the very latest PICs. 


Experimenting with PIC C 


The second book starts with an easy to understand explanation of how 
to write simple PIC programmes in C. Then we begin with four easy 
experiments to learn about loops. We use the 8/16 bit timers, write text and 
variables to the LCD, use the keypad, produce a siren sound, a freezer 
thaw warning device, measure temperatures, drive white LEDs, control 
motors, switch mains voltages, and experiment with serial communication. 


PH28 Training Course £193 


PIC training and Visual C# training combined into one 
course. This is the same as the P928 course with an extra 
book teaching about serial communication. 

The first two books and the programmer module are the 
same as the P928. The third book starts with very simple 
PC to PIC experiments. We use PC assembler to flash the 
LEDs on the programmer module and write text to the LCD. 
Then we learn to use Visual C# on the PC. Flash the LEDs, 
write text to the LCD, gradually creating more complex 
routines until a full digital storage oscilloscope is created. 
(Postage & ins UK £10, Europe £22, rest of world £34). 


P182 Training Course £71 


Our new low price PIC training course is ideal for students 
who have a keen interest but have little or no knowledge 
of Electronics. This course is for complete beginners 
and you must trust that we do know. Just a few pages of 
ground work then you jump straight in and type your first 
experimental programme. A few experiments then your first 
very easy exercise. It is very easy because it builds on the 
patterns of the work just done. This is the natural way of 
learning. Turn on an LED, make it flash, experiment with 
rainbow colours using red, green and blue LEDs, study 
the PIC timer, watchdog and sleep mode, write text to the 
display, and experiment with infrared data transmission. 
Three fully built PCB plug together and connect to a USB 
socket on your PC, book 1 (200 pages), CD of software, a 
display, and USB lead. Postage UK £6, Europe £10, Rest 
£16. Optional book 2 (250 pages) + 4th PCB - £35 +pp. 
See website for more information. 


Ordering Information 


Our P928 course is supplied with a USB adaptor and USB 
lead as standard but can be supplied with a COM port lead 
if required. All software referred to in this advertisement will 
operate within Windows XP, NT, 2000, Vista etc. 

Telephone with Visa, MasterCard or Switch, or send 
cheque/PO. All prices include VAT if applicable. 


White LED and Motors 


Our PIC training system uses a very practical approach. 
Towards the end of the PIC C book circuits need to be built on 
the plugboard. The 5 volt supply which is already wired to the 
plugboard has a current limit setting which ensures that even the 
most severe wiring errors will not be a fire hazard and are very 
unlikely to damage PICs or other ICs. 

We use a PIC16F 1827 as a freezer thaw monitor, as a step up 
switching regulator to drive 3 ultra bright white LEDs, and to control 
the speed of a DC motor with maximum torque still available. A kit 


of parts can be purchased (£31) to build the circuits using the white 


Web site:- www.brunningsoftware.co.uk 


Mail order address: 


Brunning Software 


LEDs and the two motors. See our web site for details. 


138 The Street, Little Clacton, Clacton-on-sea, 
Essex, CO16 9LS. Tel 01255 862308 


Readers’ Circuits 


~S> 


IMOCHMIY UNUIMItCT 


Our regular round-up of readers’ own circuits 


WIN A PICO PC-BASED 


OSCILLOSCOPE WORTH £799 
¢ 200Mrz Analogue Bandwidth Dual Channel storage Oscilloscope 


¢ Spectrum Analyser 
* Frequency Meter 

+ Multimeter 

¢ USB Interface, 


if you Nave a-novel circuit idea which would be of Use*to-other readers then a Pico 
Technology PC-based oscilloscope could be yours. 

Atter every 20 published IU circuits, Pico Technology will be awarding a Picoscope 3206 
digital-storage oscilloscope for the best IU-subpmission. In addition a PicoScope 2105 
Handheld ‘scope worth £199 will be presented to the runner up. 


Seeing Eye — Flexi-vision 


Te Seeing Eye (see Fig.l — sorry 
about the pun!) responds to minute 
fluctuations in light level, auto-ad- 
justing over the range of about 200 lux to 
10,000 lux (a modestly lit room to bright 
shade). 

Since virtually every motion around us 
causes such fluctuations (except when it is 
dark), it has a very wide range of possibilities. 


LDR1 
33k @ 
10 LUX 


* SEE TEXT 


R3 C3 
22k 100n 
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It will respond, for instance, to a car entering a 
driveway, a person moving in a room, or wind 
rustling the leaves of a tree. It has a high level 
of rejection of natural light variations, such as 
sunrise, sunset, or the movement of clouds. 


Flexible response 
While this is a ‘passive’ system, it may 
also be used as an ‘active’ system — that is, 


TR1 
2N3819 


in conjunction with a light beam. Its great 
advantage here is that, since it responds to 
fluctuations in light level, rather than the 
crossing of a specific light threshold, it 
is much more flexible than a typical ‘ac- 
tive’ system. It may be placed within the 
line-of-sight of almost any light source, 
including vague ambient light, and simply 
switched on without any adjustment. 


D3 
1N4001 


k a 


pont 
1N4148: 


Tik2 
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Fig.1.Complete circuit diagram for the Seeing Eye 
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In daylight, the circuit will typically detect a single finger moving 
at a distance of two metres — without the use of any lenses. It will 
also detect a person crossing a path at 10 metres distance — without 
lenses. Under AC lighting, as an ‘active’ system, it will typically 
detect a person walking in front of an ordinary light source at more 
than 10 metres — without the use of lenses. This range is achieved 
by sliding a black tube over the light dependent resistor (LDR) as 
shown in Fig.2. 


Circuit description 


The full circuit diagram for the Seeing Eye is shown in Fig.1. The 
light-dependent resistor (LDR1) is wired in conjunction with resis- 
tors RI to R3 so that, between darkness and full sunlight, it offers a 
potential at point X of between roughly one-quarter and three-quar- 
ters of the supply voltage. 

The present circuit differs from the more usual ‘passive’ light sen- 
sor in that it uses the offset-adjust feature of comparator IC1 to bal- 
ance the inputs instead of a potential divider. This makes for a more 
sensitive and reliable circuit. A wide variety of sensors may be used 
in place of the specified LDR, including phototransistors, photo-di- 
odes and infrared and ultra-violet devices. 

The potential at point X is presented simultaneously, through 
resistors R4 and R5, to the inputs of comparater [C1. As the poten- 
tial fluctuates at point X, the changes in potential are delayed at the 
comparator’s non-inverting input (pin 3) through capacitor C2. Thus 
an imbalance occurs, causing the output of the compator to go ‘low’. 
Hence, monostable timer IC2 is now triggered, switching relay RLA. 
Timer IC2 may be adjusted by means of trimpot VR2, to hold the 
relay closed between about three and 30 seconds. 


i 


"TWIN-FLEX" 
t t WIRE 


LDR FOAM EPOXY 
RUBBER Glue 


Fig.2.Suggested method for fixing the LDR inside a black 
plastic tube for increased range 


Problems solved 


As with all such circuits, the Seeing Eye may not work as well 
under AC lighting compared to natural lighting. If AC lighting should 
prove to be particularly problematic, a capacitor (say 1wF) may be 
added between point X and OV, to smooth the potential presented to 
comparator IC1’s inputs. 

Because the circuit is very sensitive, a special problem presents 
itself in the form of relay RLA, which carries a relatively heavy cur- 
rent when switched by monostable IC2. This would ordinarily upset 
the circuit and reduce its sensitivity. 

Beside the use of supply decoupling, this problem is overcome by 
‘blanking’ the relay’s action through transistor TR1, which disables 
the trigger input of timer IC2, thus allowing the circuit to settle after 
relay RLA has disengaged. The ‘blanking’ also makes it possible to 
run external circuits off the same power supply as the the Seeing 
Eye. Current consumption is nearly 20mA on standby, so that un- 
less the circuit is run off a car battery, a 12V ‘plugpack’ adapter is 
recommended. 


Setting up 

Switch on, and wait for the circuit to settle and come to life (ca- 
pacitor C5 first needs to charge). Adjust potentiometer VR1 for 
good sensitivity. The Seeing Eye will work best in situations of 
good contrast (eg, shadows on a white wall). It would be best to 
adjust it to less than its maximum sensitivity, to exclude any un- 
wanted triggering. 

With some experimentation, it may be set to transition seamlessly 
from natural to AC lighting — but this, unfortunately, will not occur at 
maximum sensitivity for both. If maximum sensitivity under natural 
lighting triggers the circuit under AC, then adjust for maximum sen- 
sitivity under AC — and vice versa. 


Thomas Scarborough, 
Cape Town, South Africa 
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AFFORDABLE 
EXPERTISE 


THE PC OSCILLOSCOPE RANGE FROM 
PICO TECHNOLOGY 


BANDWIDTH 
20 MHz to 12 GHz 


SAMPLING RATES 
50 MS/s to 5 GS/s 


MEMORY 
8kS to 1 GS 


RESOLUTION 
8 to 16 bits 


PRICES 
£125 to £6995 


Latest Software Updates: I?C & CAN bus decoding, 


mask limit testing, advanced triggers, 


digital low pass filtering, rapid triggering 


www.picoauto.com/scope2023 
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PiCmicro TUTORIALS AND PROGRAMMING 


HARDWARE 


VERSION 3 PiCmicro MCU 
development board 


Suitable for use with the three software packages 
listed below. 


This flexible development board allows students to learn both 
how to program PlCmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 
Development Board. 
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e Makes it easier to develop PlCmicro projects 


e@ Supports low cost Flash-programmable PlCmicro devices 
e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 


e Supports PlICmicro microcontrollers with A/D converters 


e Fully protected expansion bus for project work 


e USB programmable 


e Can be powered by USB (no power supply required) 


ASSEMBLY FOR PiCmicro 
V3 


(Formerly PiCtutor) 

Assembly for PliCmicro microcontrollers V3.0 
(previously known as PlCtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

@ Comprehensive instruction through 45 tutorial 
sections @ Includes Viab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator @ 
Tests, exercises and projects covering a wide 
range of PlCmicro MCU applications @ Includes 
MPLAB assembler @ Visual representation of a 
PlCmicro showing architecture and functions @ 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
e ca MPASM files. 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


(UK and EU customers add VAT at 17.5% to ‘plus VAT’ prices) Flowcode Site Licence 
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£158 including VAT and postage, supplied 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 4 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlCmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PlCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers @ 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment @ 
Includes MPLAB software @ Compatible with most 
PilCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 
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Minimum system requirements for these 


items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 
hard disk space. 
Flowcode will run on XP or later 
operating systems 


with USB cable and programming software 


FLOWCODE FOR PiCmicro 
V4 


Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 
program chips in minutes. 

@ Requires no programming experience 

@ Allows complex PliCmicro applications to be 

designed quickly 

@ Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 

speeds up the development process. 

@ Facilitates learning via a_ full suite of 

demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 

40-pin devices 

@ 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

@ |[2C. 

New features of Version 4 include panel 
creator, in circuit debug, virtual networks, C code 
customisation, floating point and new components. 
The Hobbyist/Student version is limited to 4K of 
code (8K on 18F devices) 
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HODDYVISUStUGEMU 2.2 cr oer eine era eee £45 inc VAT 
Institutional (Schools/HE/FE/Industry) ............ £99 plus VAT 
Institutional/Professional 10 user (Network Licence) £350 plus VAT 
SIlG PICENCE eat cre ee ee ee een ee ee £699 plus VAT 
Flowcode Institutional (Schools/HE/FE/Industry)....£149 plus VAT 
Flowcode 10 user (Network Licence).............. £399 plus VAT 


eet te eter re ey eee eee £799 plus VAT 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary new software system that combines circuit 
design, PCB design, simulation and CAD/CAM manufacture in one complete 
package. Two versions are available, Standard — which is on special offer from 
EPE — and Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to produce 
an electronics project from start to finish — even including on-screen testing of the PCB prior to construction! 


* Circuit diagram design with component library (500 components 
Standard, 1500 components Professional) 


Pra ee 
* Virtual instruments (4 Standard, 7 Professional) 
%# On-screen animation 

%* PCB Layout 

%# Interactive PCB layout simulation 

%# Automatic PCB routing 

%* Gerber export 

Special EPE Offer - Standard version only. 


EPE is offering readers a 10% discount on Cicuit Wizard Standard 
software if purchased before Jan 31, 2011. This is the software used 
in our Teach-In 20117 series. 


Standard (EPE Special Offer) £5999 £53.99 inc. VAT 
Professional £89.99 inc. VAT 
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Special EPE Offer ends Jan 31, 2011 


PROJECT DESIGN WITH CROCODILE TECHNOLOGY 
An Interactive Guide to Circuit Design 


An interactive CD-ROM to guide you through the process of circuit design. Choose from an 
extensive range of input, process and output modules, including CMOS Logic, Op-Amps, PIC/ 
PICAXE, Remote Control Modules (IR and Radio), Transistors, Thyristors, Relays and much more. 
Click Data for a complete guide to the pin layouts of i.c.s, transistors etc. Click More Information 
for detailed background information with many animated diagrams. 

Nearly all the circuits can be instantly simulated in Crocodile Technology* (not included on 
the CD-ROM) and you can customise the designs as required. 


WHAT’S INCLUDED 

Light Modules, Temperature Modules, Sound Modules, Moisture Modules, Switch 
Modules, Astables including 555, Remote Control (IR & Radio), Transistor Amplifiers, 
Thyristor, Relay, Op-Amp Modules, Logic Modules, 555 Timer, PIC/PICAXE, Output 
Devices, Transistor Drivers, Relay Motor Direction & Speed Control, 7 Segment 
Displays.Data sections with pinouts etc., Example Projects, Full Search Facility, Further 
Background Information and Animated Diagrams. 

Runs in Microsoft Internet Explorer 

*All circuits can be viewed, but can only be simulated if your computer has Crocodile 
Technoloy version 410 or later. A free trial version of Crocodile Technology can be downloaded from: www.crocodile-clips.com. 
Animated diagrams run without Crocodile Technology. 


Single User £39.00 inc. VAT. 


Multiple Educational Users (under 500 students) £59.00 plus VAT. Over 500 students £79.00 plus VAT. 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk 


space. Windows 2000/ME/XP, mouse, sound card, web browser. 


DIGITAL WORKS 


i i = 1 pe 
ose oa 

PPR POP emmnmmMBaO weeer « 
le Hie ae LO Ofte 


Counter project 


Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability @ Software 
for simulating digital logic circuits @ Create 
your own macros — highly scalable ® Create 
your own circuits, components, and i.c.s @ 
Easy-to-use digital interface @ Animation 
brings circuits to life @ Vast library of logic 
macros and 74 series i.c.s with data sheets 
@ Powerful tool for designing and learning. 


Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 
Institutional 10 user £249 plus VAT. 
Site Licence £599 plus VAT. 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality 
selection of over 
200 jpg images 
of electronic 
components. This 
selection of high 
resolution photos 
can be used to 
enhance _ projects 
and presentations or to help with training and 
educational material. They are royalty free 
for use in commercial or personal printed 
projects, and can also be used royalty free 
in books, catalogues, magazine articles as 
well as worldwide web pages (subject to 
restrictions — see licence for full details). 
Now contains Irfan View image software for 
Windows, with quick-start notes included. 


Price £19.95 inc. VAT 


Please send me: CD-ROM ORDER FORM (aes. 
i 

Version required: i 

L] Assembly for PlCmicro V3 L) Hobbyist/Student 1 
L] ‘C’ for 16 Series PiCmicro V4 L] Institutional i 
L] Flowcode V4 for PilCmicro L] Institutional/Professional 10 user i 
L] Digital Works 3.0 L] Site licence i 
Note: The software on each version is the same, only the licence for use varies. 

i 

| 

L] PlCmicro Development Board V3 (hardware) i 
—————————— SS ©2222. 2 = | 

O Circuit Wizard — Standard : 
O Circuit Wizard — Professional : 
O Electronic Components Photos; Version 1.1 : 
O Project Design — Single User : 
O Project Design — Multiple User (under 500 students) : 
L] Project Design — Multiple User (over 500 students) 
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(aie een ueweh nese Post code:................. TEL NOD. cece eee 
DIGNQUU Gi tious sind cease et rhode Coeds es earieieds ‘ 
L) | enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for£......... i 
L] Please charge my Visa/Mastercard/Maestro:£.......... 
Valid: FON: wi03.0%c00.8 Card expiry date:............. 1 
a FINO oe sce eee ee acera ea eons as oes oe ae Maestro Issue No. ......... i 
Card Security COdG . 2st esued< (The last 3 digits on or just under the signature strip) 
nn mmHmHeHeHeHeHeHeHeEeHeeEeeeEeeeeeeteteteteteteteseeeeeeeeeeeee es le 


Everyday Practical Electronics , November 2010 


ORDERING 


ALL PRICES INCLUDE UK 


POSTAGE 


Student/Single User/Standard/Professional 
Version price includes postage to most 


countries in the world 


EU residents outside the UK add £5 for airmail 


postage per order 
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Email: editorial@wimborne.co.uk 
Matt Pulzer addresses some of the 
general points readers have raised. 
Have you anything interesting to say? 
Drop us a line! 


All letters quoted here have previously been replied to directly 


> LETTER OF THE MONTH 5 


Maths? — no need to apologise! 


Dear Editor 

When I first read September’s Editorial 
and the apology for the inclusion of 
mathematics in the Circuit Surgery article, 
I wondered what advanced mathematical 
analysis had been included that needed 
such an apology — a calculus solution 
of damped LCR circuits? Cauchy-Euler 
equations? Legendre’s equation? Gamma 
functions? No! When I read the excellent 
article there was just some _ simple 
elementary mathematical analysis. The 
article didn’t even provide the method for 
the solution of the Vrms equation! 

Is the state of mathematical education 
(particularly in this country) now so 
bad that a magazine with the high 
international reputation of EPE deems 
it necessary to include an apology for 
this? Personally, I would welcome 
the inclusion of more mathematics — 
especially in the Circuit Surgery articles. 


POV hard disk use and stripboard 
techniques 


Dear Editor 

The POV hard disk idea caught my eye 
(Readout, Sep ’10). Mr Zahra might like to 
check out a digital clock along similar lines, 
made by etching the digits into a drive platter 
spun in front of LEDs. These are strobed at 
the right time to present a digital readout of 
the time (including a flashing colon). See: 
http://tinyurl.com/3yu4dsz 

Moving on to Practically Speaking (use 
of stripboard, Sep’ 10) it is worth noting that 
one does not have to reserve an entire row 
or three for corner mounting holes, just the 
corners! I insulate the strips from any possible 
shorting to the screws by breaking the tracks 
a few holes away from the screws. Also, it 
is possible to overcome the problem with 
precision drilling of the mounting points. 
The drill will be guided to the nght place 
on the stripboard, but by making the holes 
a little over-sized there is an allowance for 
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PE could 
mathematics education by highlighting 
mathematics’ relevance to real world 
problems (often lacking in mathematical 
education). For example, a ‘Maths Teach- 
in’ series in a similar style to your previous 
‘Teach-in’ series on microprocessor 
programming. 


Perhaps champion 


John Taylor, by email 


Thank you John; re-reading my editorial I 
don’t think I would classify it as an ‘apology’, 
but I do take your point as to its cautious 
tone. The reasoning behind this was not 
concern about the ability of readers, but that 
it represented a new departure for EPE. We 
rarely include mathematics because it is rarely 
needed for the ‘hands on’ style of EPE. 

Electronics is unusual in that it is possible 
to design and build sophisticated projects 
with fairly basic maths. That said, there are 
some fascinating areas of electronics that 
can be opened up with just a little of the more 
advanced areas of mathematics. ‘Complex 


numbers’ are a good example, which despite 
their off-putting name can be manipulated 
quite easily once you get the hang of them. 

We will consider more mathematics, but 
it is also important that we stick to what we 
do best — providing high quality electronics 
projects, together with practical advice 
on how to design and build circuits. There 
are comparatively few publications like 
EPE, but libraries full of a vast range of 
mathematics books for all abilities and 
levels. We cannot cover every aspect of 
electronics, however much we would like to, 
and this fact of life means that we need to 
draw a line somewhere. 

In the meantime, for those who would like 
an excellent free mathematics resource, I 
repeat last month’s News recommendation of 
the following website: www.khanacademy. 
org. While this website has little to do with 
electronics, it does cover many areas of 
interest to electronic engineers; from basic 
algebra and trigonometry, to more advanced 
areas such as complex numbers and calculus, 
including differential equations. 


inaccuracy in the position of the mounting 
pillars or holes in the chassis. Never do the 
screws up tight, allow a littke movement for 
settling, ageing, thermal expansion. 

I have managed to nearly double the circuit 
capacity of a piece of stripboard — usually 
constrained in size by the space you have to 
mount it — by cutting the tracks not at a hole 
but between holes. For this I use a milling 
bit on an electric rotary hand tool. It is also 
possible to do it with a knife: make two 
parallel cuts and pick out the copper between 
them — but mind your fingers! 

High-density component placement 
requires high-density interconnection, and 
I achieve this by wiring on the copper side 
using fine wire with meltable insulation 
(known as Verowire). This is carefully 
soldered without being stripped — but watch 
out for vulnerable adjacent wires. Wire 
sold for wire-wrap is also suitable, but does 
require stripping. A fine hot-melt glue gun 
is useful for tacking the wire runs in place. 
This sort of thing is not suitable for high 
frequency or audio work, but is eminently 


satisfactory for the majority of hobbyist 
digital circuits. 

One final tip: it is possible to mount 0.05- 
inch pitch surface-mount devices (eg SOIC 
packages) on 0O.1-inch stripboard without 
adapters. With the trusty milling bit, split the 
copper strip into two by joining up the holes. 
This does, of course, need copper-side hook- 
up wiring described above to be practical. 


Keep up the good work 


Ken Wood, by email 


Impressive ideas Ken, there is little chance 
of stripboard becoming out of date with your 
flexible and imaginative approach to using 
modern components. I have never seen ‘split’ 
stripboard used with fine pitch components 
such as the ones you describe — do please send 
us a photo! 

Are there any other readers out there with 
novel stripboard techniques? — again, a photo 
is often the best way to describe ideas, so do 
please include them with your letters or emails. 
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Surfing The Internet 


Alan Winstanley 


Back to the future 


Last month, I mentioned ways in which the Internet can help readers 
to make headway during these challenging and recessionary times. For 
example, eBay sometimes offers fee-free listing days, a low-cost way 
of advertising unwanted gear or bric-a-brac (or maybe snapping up a 
bargain), giving your PayPal account a useful fillip. 

For those in the job-hunting market, recruitment websites are the 
prime way of hearing about new jobs or submitting your CV/ résumé 
in the hope of finding a match. Not surprisingly, some recruiters profile 
their job applicants by searching the web, especially at social network- 
ing sites like Facebook. Regrettably, Facebook can become a showcase 
(good or bad) of its participants’ lifestyles. Many Facebook users pour 
out their everyday life all too eagerly: certainly, posting the latest trivia 
into one’s Facebook page can be enjoyable bond-forming stuff, but it can 
backfire by revealing rather more about us than is wise, especially if it’s 
being read by a recruiter some time into the future. 

Good recruitment practice says that job applicants should be told 
whether any online researching will be undertaken, but such is the threat 
to individual privacy that the German legislature recently banned poten- 
tial employers from checking personal Facebook profiles when making 
hiring decisions. 

Probably the most powerful life tool available to empower individuals 
and businesses today 1s still the art of networking. Many surprising new 
opportunities appear, and much new business is generated, by getting 
around and networking in the right places. It’s therefore highly beneficial 
to be well connected in today’s wired world, especially if you’re a gradu- 
ate in the job-hunting market. If you want to ‘get connected’, then one 
site that should be top of your list is LinkedIn (www.linkedin.com). It 
helps offer a more ‘professional’ view of you and you can connect with 
like-minded individuals, as well as unearthing useful contacts from the 
past. 

For example, through LinkedIn I recognise customers and supplier con- 
tacts from years ago that have sought and located me on LinkedIn: it could 
do the same for you. If you’re a job hunter or a professional then it’s worth 
spending some quality time on LinkedIn, and nurture your online presence 
with care, in the hope of reaping future dividends in your career. 


Power to the people 


The financial sector is one 
of the largest on the web, with 
major brands pumping many 
tens of millions into online ad- 
vertising. There is, however, an 
awful lot of low-grade ‘noise’ 
out there, and so to help make 
sense of it all, don’t overlook 
financial advice forums, in- 
cluding moneysavingexpert. 
com or moneysupermarket. 
com. While these are UK sites, 
there will certainly be equiva- 
lents in other countries. The 
useful ‘Motley Fool’ financial 
websites cover both the UK and 


Linked |=) 


Heures Wiha it Linkedin’? =m Today Spo in 


Re-connect 


ide 


Find past and present collaagues 
and clasemaies queckly. Linkedin 
maken shining in touch simple 


Luniomer Service | About og Careers 


Linkedin Uipdalos Linkedin Answers LinkedinJobs Jabs Directory Campany Director Sordiee Proveder Direction 


USA (fool.co.uk/ .com). [nied Caepotetion 62010 | User Agreement | Peiscy Posey | Capyright Posey 


Before buying online, see if 
any online review sites (start 
with Amazon) can provide you 


with practical feedback from old contacts 
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Get the most from your professional network 
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Linkedin is a website that brings together professionals of all disciplines, 
offering valuable networking opportunities and a chance to catch up with 


existing owners, so that you avoid buying a lemon. Remember your 
Distance Selling Directive 7 Day cooling off period in the EU: for many 
items you could receive a full refund, including the original postage 
cost. Some shopping carts allow a discount voucher code to be used and 
websites that share these codes include discountvouchers.co.uk and 
myvouchercodes.co.uk, or local equivalents. 

And one thing that our hobby would be very much the poorer with- 
out: electricity! Many of the utility providers now offer the best savings 
for those managing their accounts online. It’s worth getting to know 
your kilowatt-hours (kWh) and your ‘standing charges’ and it helps to 
know the last 12 months’ usage (eg Scottish Power displays customer 
usage data for the last two years, and you can enter meter readings 
online), then input them into a comparison website such as uSwitch. 
com. Again, see what others recommend in the money-saving forum 
sites. Several power-monitoring devices are also available, including 
some wireless or USB types that download data onto your PC, perfect 
for EPE readers! 

Our telecoms costs can be scrutinised as well. Now might be a good time 
to re-visit existing contracts and see if unnecessary waste can be screened 
out. Apart from facing a myriad of mobile phone tariffs, some might con- 
sider Voice over Internet Protocol (VoIP) including Skype (www.skype. 
com) which offers free Skype-to-Skype calls over broadband. 

You could also try a Skype-compatible VoIP handset that con- 
nects via a USB port, or use a decent USB webcam with built-in 
microphone (Logitech and Microsoft offer excellent ones) for calling 
friends and family, especially overseas. A netbook might have a we- 
bcam and sound built in. You can call landlines and mobiles through 
Skype for one to two pence per minute with a small connection fee, 
with pay-as-you-go and monthly subscriptions being available. Busi- 
ness users can benefit from Skype Manager, or integrate VoIP into 
their PBX using Skype Connect. Vonage (www.vonage.co.uk) of- 
fers IP-based phone calls using ordinary home phones connected to a 
Vonage adaptor box, which hooks to your ADSL. They serve the UK, 
USA and Canada. 

Don’t forget to look at your broadband rates too — find out when your 
lock-in period finishes and then look for a better deal (possibly with the same 
provider). If your email address 
is supplied by them then you 
need to plan ahead, with a view 
to changing it and notifying 
your contacts some time in the 
future. 

With the world-wide web 
literally at your fingertips, it 
has never been easier to shop 
around, compare, manage ac- 
counts online, check reviews, 
buy or sell your stuff, search 
for a better job or switch to 
another supplier! 

Remember to check the EPE 
Chat Zone forum at www.chat- 
zones.co.uk. You can email 
me at: alan@epemag.demon. 
co.uk, check my own work in 
progress site at www.epemag. 
net or write to the Editor at: edi- 
torial@wimborne.co.uk. See 
you next month for more gossip! 
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Electronics Teach-in 3 


The three sections of this book 


FREE 


cover a very wide range of subjects 
that will interest everyone involved 
in electronics, from hobbyists and 
students to professionals. The first 80- 
odd pages of Teach-In 3 are dedicated 
to Circuit Surgery, the regular EPE clinic dealing with readers 
queries on various circuit design and application problems 
— everything from voltage regulation to using SPICE circuit 
simulation software. 

The second section — Practically Speaking — covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 

Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 different circuit designs submitted by the readers of 
EPE. 

The free cover-mounted CD-ROM is the complete 
Electronics Teach-In 1 book, which provides a broad-based 
introduction to electronics in PDF form, plus interactive quizzes 
to test your knowledge, TINA circuit simulation software (a 
limited version — plus a specially written TINA Tutorial), together 
with simulations of the circuits in the Teach-In 1 series, plus 
Flowcode (a limited version) a high level programming system 
for PIC microcontrollers based on flowcharts. 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. There is also a MW/LW Radio project in 
the series. 

The contents of the book and Free CD-ROM have been 
reprinted from past issues of EPE. 


CD-ROM Order code ETI3 £8.50 


CD-ROM 


A BEGINNER’S GUIDE TO TTL DIGITAL ICs 

R. A. Penfold 

This book first covers the basics of simple logic circuits 
in general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder circuits. 
Some practical circuits are used to illustrate the use of TTL 
devices in the “real world”. 


Order code BP332 £5.45 


PRACTICAL ELECTRONICS CALCULATIONS 
AND FORMULAE 
F. A. Wilson, C.G.LA., C.Eng., F.L.E.E., F.1.E.R.E., F.B.1.M. 
Bridges the gap between complicated technical theory, and 
“cut-and-tried” methods which may bring success in design 
but leave the experimenter unfulfilled. A strong practical 
bias — tedious and higher mathematics have been avoided 
where possible and many tables have been included. 

The book is divided into six basic sections: Units and 
Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits, Networks and Theorems, 


Measurements. 
Order code BP53 £5.49 


MICROCONTROLLER COOKBOOK 

Mike James 

The practical solutions to real problems shown in this 
cookbook provide the basis to make PIC and 8051 devices 
really work. Capabilities of the variants are examined, and 
ways to enhance these are shown. A survey of common 
interface devices, and a description of programming 
models, lead on to a section on development techniques. 
The cookbook offers an introduction that will allow any user, 
novice or experienced, to make the most of microcontrollers. 


Order code NE26 £36.99 


142 pages 


256 pages 


240 pages 


COMPUTING AND ROBOTICS 


WINDOWS XP EXPLAINED 
N. Kantaris and P. R. M. Oliver 

If you want to know what to do next when confronted with 

Microsoft's Windows XP screen, then this book is for you. It 
applies to both the Professional and home editions. 
The book was written with the non-expert, busy person in 
mind. it explains what hardware requirements you need 
in order to run Windows XP successfully, and gives an 
overview of the Windows XP environment. 

The book explains: How to manipulate Windows, and 
how to use the Control Panel to add or change your printer, 
and control your display; How to control information using 
WordPad, notepad and paint, and how to use the Clipboard 
facility to transfer information between Windows applications; 
How to be in control of your filing system using Windows 
Explorer and My Computer; How to control printers, fonts, 
characters, multimedia and images, and how to add hardware 
and software to your system; How to configure your system to 
communicate with the outside world, and use Outlook Express 
for all your email requirements; how to use the Windows Media 
Player 8 to play your CDs, burn CDs with your favourite tracks, 
use the Radio Tuner, transfer your videos to your PC, and how 
to use the Sound Recorder and Movie Maker; How to use the 
System Tools to restore your system to a previously working 
state, using Microsoft's Website to update your Windows set- 
up, how to clean up, defragment and scan your hard disk, and 
how to backup and restore your data; How to successfully 
transfer text from those old but cherished MS-DOS programs. 


Order code BP514 £7.99 


INTRODUCING ROBOTICS WITH LEGO 
MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the brilliant Lego 
Mindstorms Robotic Invention System (RIS). Initially covers 
fundamental building techniques and mechanics needed to 
construct strong and efficient robots using the various “click- 
together’ components supplied in the basic RIS kit. explains in 
simple terms how the “brain” of the robot may be programmed 
on screen using a PC and “zapped” to the robot over an infra- 
red link. Also, shows how a more sophisticated Windows 
programming language such as Visual BASIC may be used to 
control the robots. 

Detailed building and programming instructions provided, 
including numerous step-by-step photographs. 


288 pages + Large Format Qelgel\aefele(-M=)elthig =86£14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 

Shows the reader how to 
extendthe capabilities ofthe 
brilliant Lego Mindstorms 
Robotic Invention System 
(RIS) by using lego’s own 
accessories and some simple home constructed units. You 
will be able to build robots that can provide you with ‘waiter 
service’ when you clap your hands, perform tricks, ‘see’ and 


264 pages 


avoid objects by using ‘bats radar, or accurately follow a line 
marked on the floor. Learn to use additional types of sensors 
including rotation, light, temperature, sound and ultrasonic and 
also explore the possibilities provided by using an additional 
(third) motor. For the less experienced, RCX code programs 
accompany most of the featured robots. However, the more 
adventurous reader is also shown how to write programs 
using Microsoft's VisualBASIC running with the ActiveX control 
(Spirit.OCX) that is provided with the RIS kit. 

Detailed building instructions are provided for the featured 
robots, including numerous step-by-step photographs. The 
designs include rover vehicles, a virtual pet, a robot arm, an 
‘intelligent’ sweet dispenser and a colour conscious robot 
that will try to grab objects of a specific colour. 


Order code BP902 £14.99 


THE PIC MICROCONTROLLER 

YOUR PERSONAL INTRODUCTORY COURSE 

- THIRD EDITION John Morton 

Discover the potential of the PIC microcontroller through 
graded projects — this book could revolutionise your 
electronics construction work! 

A uniquely concise and practical guide to getting up and 
running with the PIC Microcontroller. The PIC is one of the 
most popular of the microcontrollers that are transforming 
electronic project work and product design. 

Assuming no prior knowledge of microcontrollers and 
introducing the PICs capabilities through simple projects, 
this book is ideal for use in schools and colleges. It is the 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. The step-by-step explanations 
make it ideal for self-study too: this is not a reference book 
— you start work with the PIC straight away. 

The revised third edition covers the popular 
reprogrammable Flash PICs: 16F54/16F84 as well as the 
12F508 and 12F675. 


270 pages Order code NE36 £25.00 


INTRODUCTION TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION 
John Crisp 
If you are, or soon will be, involved in the use of microprocessors 
and microcontrollers, this practical introduction is essential 
reading. This book provides a thoroughly readable introduction 
to microprocessors and micrcontrollers. Assuming no previous 
knowledge of the subject, nor a technical or mathematical 
background. It is suitable for students, technicians, engineers 
and hobbyists, and covers the full range of modern micros. 
After a thorough introduction to the subject, ideas are 
developed progressively in a well-structured format. All 
technical terms are carefully introduced and subjects which 
have proved difficult, for example 2’s complement, are 
clearly explained. John Crisp covers the complete range of 
microprocessors from the popular 4-bit and 8-bit designs to 
today’s super-fast 32-bit and 64-bit versions that power PCs 
and engine management systems etc. 


Order code NE31 £29.99 


298 pages 


222 pages 


Everyday Practical Electronics, November 2010 


DIRECT BOOK SERVICE 


CIRCUITS AND DESIGN 


The books listed have been 
selected by Everyday Practical 
Electronics editorial staff as 
being of special interest to 
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supplied by mail order direct to 
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EASY PC CASE MODDING 

R.A Penfold 

Why not turn that anonymous grey tower, that is the heart of 
your computer system, into a source of visual wonderment and 
fascination. To start, you need to change the case or some case 
panels for ones that are transparent. This will then allow the inside 
of your computer and it’s working parts to be clearly visible. 

There are now numerous accessories that are relatively 
inexpensive and freely available, for those wishing to 
customise their PC with added colour and light. Cables and 
fans can be made to glow, interior lights can be added, and it 
can all be seen to good effect through the transparent case. 
Exterior lighting and many other attractive accessories may 
also be fitted. 

This, in essence, is case modding or PC Customising as 
it is sometimes called and this book provides all the practical 
details you need for using the main types of case modding 
components including:- Electro luminescent (EL) ‘go-faster’ 
stripes: Internal lighting units: Fancy EL panels: Data cables 
with built-in lighting: Data cables that glow with the aid of ‘black’ 
light from an ultraviolet (UV) tube: Digital display panels: LED 
case and heatsink fans: Coloured power supply covers. 


192 pages + CD-ROM @iielcel-\ ierele (2M =] der £8.99 


ROBOT BUILDERS COOKBOOK 

Owen Bishop 

This is a project book and guide for anyone who wants to 
build and design robots that work first time. 

With this book you can get up and running quickly, building 
fun and intriguing robots from step-by-step instructions. 
Through hands-on project work, Owen introduces the 
programming, electronics and mechanics involved in practical 
robot design-and-build. The use of the PIC microcontroller 
throughout provides a painless introduction to programming — 
harnessing the power of a highly popular microcontroller used 
by students, hobbyists and design engineers worldwide. 

Ideal for first-time robot builders, advanced builders wanting 
to know more about programming robots, and students 
tackling microcontroller-based practical work and labs. 

The book’s companion website at http://books.elsevier. 
com/companions/9780750665568 contains: downloadable 
files of all the programs and subroutines; program listings 
for the Quester and the Gantry robots that are too long to be 
included in the book. 


366 pages Order code NE46 £26.00 


NEWNES INTERFACING COMPANION 

Tony Fischer-Cripps 

A uniquely concise and practical guide to the hardware, 
applications and design issues involved in computer 
interfacing and the use of transducers and instrumentation. 
Newnes Interfacing Companion presents the essential 
information needed to design a PC-based interfacing system 
from the selection of suitable transducers, to collection of data, 
and the appropriate signal processing and conditioning. 
Contents: Part 1 — Transducers; Measurement systems; 
Temperature; Light; Position and motion; Force, pressure 
and flow. Part 2 — Interfacing; Number systems; Computer 
architecture; Assembly language; Interfacing; A to D and 
D to A conversions; Data communications; Programmable 
logic controllers; Data acquisition project. Part 3 — Signal 
processing; Transfer function; Active filters; Instrumentation 
amplifier; Noise; Digital signal processing. 


Order code NE38 £41.00 


295 pages 
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THE AMATEUR SCIENTIST CD-ROM 

The complete collection of The Amateur Scientist articles from 
Scientific American magazine. Over 1,000 classic science 
projects from a renowned source of winning projects. All 
projects are rated for cost, difficulty and possible hazards. 

Plus over 1,000 pages of helpful science techniques 
that never appeared in Scientific American. 

Exciting science projects in: Astronomy; Earth 
Science; Biology; Physics; Chemistry; Weather . . . 
and much more! The most complete resource ever 
assembled for hobbyists, and professionals looking for 
novel solutions to research problems. 

Suitable for Mac, Windows, Linux or UNIX. 32MB RAM us 
minimum, Netscape 4.0 or higher or Internet Explorer 4.0 or ~ “Omplete cote? 


higher. 
Order code AS1 CD-ROM 


Over 1,000 projects £19.95 


OSCILLOSCOPES - FIFTH EDITION 

lan Hickman 

Oscilloscopes are essential tools for checking circuit operation and diagnosing faults, and an 
enormous range of models are available. 

This handy guide to oscilloscopes is essential reading for anyone who has to use a ’scope 
for their work or hobby; electronics designers, technicians, anyone in industry involved in test 
and measurement, electronics enthusiasts ... lan Hickman’s review of all the latest types of 
‘scope currently available will prove especially useful for anyone planning to buy — or even 
build — an oscilloscope. 

The contents include a description of the basic oscillscope; Advanced real-time 
oscilloscope; Accessories; Using oscilloscopes; Sampling oscilloscopes; Digital storage 
oscilloscopes; Oscilloscopes for special purposes; How oscillocopes work (1): the CRT; 
How oscilloscopes work (2): circuitry; How oscilloscopes work (3): storage CRTs; plus a 
listing of Oscilloscope manufacturers and suppliers. 


Order code NE37 


288 pages £36.99 


ELECTRONIC TEST EQUIPMENT HANDBOOK 

Steve Money 

In most applications of electronics, test instruments are essential for checking the performance 
of a system or for diagnosing faults in operation, and so it is important for engineers, 
technicians, students and hobbyists to understand how the basic test instruments work and 
how they can be used. 

The principles of operation of the various types of test instrument are explained in simple 
terms with a minimum of mathematical analysis. The book covers analogue and digital meters, 
bridges, oscilloscopes, signal generators, counters, timers and frequency measurement. The 
practical uses of these instruments are also examined. 


Order code PC109 


UNDERSTANDING ELECTRONIC CONTROL SYSTEMS 

Owen Bishop 

Owen Bishop has produced a concise, readable text to introduce a wide range of students, 
technicians and professionals to an important area of electronics. Control is a highly 
mathematical subject, but here maths is kept to a minimum, with flow charts to illustrate 
principles and techniques instead of equations. 

Cutting edge topics such as microcontrollers, neural networks and fuzzy control are all here, 
making this an ideal refresher course for those working in Industry. Basic principles, control 
algorithms and hardwired control systems are also fully covered so the resulting book is a 
comprehensive text and well suited to college courses or background reading for university 
students. 

The text is supported by questions under the headings Keeping Up and Test Your Knowledge 
so that the reader can develop a sound understanding and the ability to apply the techniques 
they are learning. 


206 pages £9.95 


Order code NE35 


228 pages £36.99 


ALL PRICES INCLUDE 
UK POST & PACKING 


FULL COLOUR COMPUTING BOOKS 


HOW TO FIX YOUR PC PROBLEMS R.A. Penfold 

What do you do when your laptop or desktop stops working properly. Do you panic, try to 
find the answer on the page of fault finding tips you may find at the back of the manufacturers 
manual. Or do you spend hours trying to get through to a telephone helpline or waste even 
more time waiting for an email reply from a helpdesk. 

Well help is now at hand! This book will assist you in identifying the type of problem, 
whether it’s hardware, software or a peripheral that is playing up? Once the fault has been 
identified, the book will then show you how to go about fixing it. This book uses plain English 
and avoids technical jargon wherever possible. It is also written in a practical and friendly 
manner and is logically arranged for easy reference. 

The book is divided into four main sections and among the many topics covered are: 
Common problems with Windows Vista operating system not covered in other chapters. 
Also covers to a lesser extent Windows XP problems. Sorting out problems with ports, 
peripherals and leads. Also covers device drivers software and using monitoring software. 
Common problems with hard disc drives including partitioning and formatting a new drive. 
Using system restore and recovering files. Also covers CD-ROM and Flash drives. Common 
problems with sound and video, including getting a multi-speaker system set up correctly. 

An extremely useful addition to the library of all computer users, as you never know when 
a fault may occur! 

Printed in full colour on high quality non-refective paper 


Order code BP705 


AN INTRODUCTION TO WINDOWS VISTA P.R.M. Oliver and N. Kantarris 

If you have recently bought a new desktop or laptop it will almost certainly have Windows 
as its operating system. Windows Vista manages the available resource of a computer and 
also ‘controls’ the programs that run on it. 

To get the most from your computer, it is important that you have a good understanding of 
Vista. This book will help you acheive just that. It is written in a friendly and practical way and 
is suitable for all age groups from youngsters to the older generation. It has been assumed 
that Vista is installed and running on your computer. 

Among the numerous topics explained are: The Vista environment with its many windows. 
How to organise your files, folders and photos. How to use Internet Explorer for your web 
browsing. How to use Microsoft Mail for your emails. How to control your PC and keep it 
healthy. How to use Vista’s Accessibility features if you have poor eye sight or difficulty in 
using the keyboard or mouse. And much more besides.... 

With the help of this book you will easily and enjoyably gain a better understanding of 
Microsoft's amazing Windows Vista operating system. 

Printed in full colour on high quality non-refective paper 


Order code BP703 


COMPUTING WITH A LAPTOP FOR THE OLDER 
GENERATION R.A. Penfold 

Laptop computers have rapidly fallen in price, increased 
in specification and performance and become much lighter 
in weight. They can be used practically anywhere, then 
stored away out of sight. It is therefore, not surprising that 
laptop sales now far exceed those of desktop machines and 
that they are increasingly becoming the machine of choice 
for the older generation. 

You may want to use your laptop as your main computer 
or as an extra machine. You may want to use your laptop 
on the move, at home, at work or on holiday. Whatever 
your specific requirements are, the friendly and practical 
approach of this book will help you to understand and get 


128 pages £8.49 


£8.49 


120 pages 


76 


the most from your laptop PC in an easy and enjoyable way. It is written in plain English 
and wherever possible avoids technical jargon. 

Among the many topics covered are: Choosing a laptop that suits your particular needs. 
Getting your new computer set up properly. Customising your computer so that it is optimised 
for your particular needs. Setting up and dealing with user accounts. Using the Windows 
‘Ease of Access Center’. Optimising the life and condition of your battery. Keeping the 
operating system and other software fully up-to-date. Troubleshooting common problems. 
Keeping your computer and data safe and secure. And much more besides... 

Even though this book is written for the older generation, it is also suitable for anyone of 
any age who has a laptop or is thinking of buying one. It is written for computers that use 
Windows Vista as their operating system but much will still apply to Windows XP machines. 
Printed in full colour on high quality non-refective paper 


Order code BP702 


AN INTRODUCTION TO EXCEL SPREADSHEETS Jim Gatenby 

The practical and friendly approach of this book will help newcomers to easily learn 
and understand the basics of spreadsheets. This book is based on Microsoft's Excel 2007 
spreadsheet, but much of the book will still apply to earlier versions of Excel. The book is 
written in plain English, avoiding technical and mathematical jargon and all illustrations are 
in full colour. It is suitable for all age groups from youngsters to the older generation. 

Among the many topics explained are how to: Install the software. Use the exciting new 
features of Excel 2007. Create and use a spreadsheet. Enter, edit and format text, numbers 
and formulae. Insert and delete columns and rows. Save and print a spreadsheet. Present 
the information on a spreadsheet as a graph or chart. Manage and safeguard Excel files on 
disc. Use Excel as a simple database for names and addresses. 

This book will help you to quickly gain confidence and get to grips with using spreadsheets. 
In fact, you will wonder how you ever managed without them. 

Printed in full colour on high quality non-reflective paper. 


Order code BP701 


AN INTRODUCTION TO DIGITAL PHOTOGRAPHY WITH VISTA R.A. Penfold 

The friendly and practical approach of this book will help newcomers to digital 
photography and computing to easily learn the basics they will need when using a 
digital camera with a laptop or desktop PC. It is assumed that your PC uses Windows 
Vista, however, if it is a Windows XP machine the vast majority of this book will still 
apply. The book is written in plain English, avoiding 
technical jargon and all illustrations are in full colour. 
It is suitable for all age groups from youngsters to the 
older generation. 

Among the many topics explained are how to: 
Understand the basic features of a digital camera. 
Transfer photographs from your digital camera to your 
computer. View your photographs. Save, sort and file 
your photographs. Manipulate, crop and carry out simple 
corrections to your photographs. Copy your photographs 
on to CD or DVD. Print your photographs. Share images 
with family and friends anywhere in the world by email or 
with an online album. 

This book will help you quickly get to grips with, gain 
confidence and expand your horizons in the fascinating 
hobby of digital photography. 

Printed in full colour on high quality non-reflective paper. 


Order code BP700 £8.49 
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PROJECT BUILDING 


ELECTRONIC PROJECTS FOR EXPERIMENTERS 
R. A. Penfold 

Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the 
dreaded “seen it all before” syndrome. This book is fairly 
and squarely aimed at sufferers of this complaint, plus any 
other electronics enthusiasts who yearn to try something 
a bit different. 

The subjects covered include:- Magnetic field detector, 
Basic Hall effect compass, Hall effect audio isolator, 
Voice scrambler/descrambler, Bat detector, Bat style echo 
location, Noise cancelling, LED stroboscope, Infra-red 
“torch”, Electronic breeze detector, Class D power amplifier, 
Strain gauge amplifier, Super hearing aid. 


Temporarily out of print 


BUILDING VALVE AMPLIFIERS 

Morgan Jones 

The practical guide to building, modifying, fault-finding and 
repairing valve amplifiers. A hands-on approach to valve 
electronics — classic and modern — with a minimum of theory. 
Planning, fault-finding, and testing are each illustrated by 
step-by-step examples. 

A unique hands-on guide for anyone working with valve (tube 
in USA) audio equipment — as an electronics experimenter, 
audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacuum 
tube, whether audio enthusiasts tackling their first build, or 
more experienced amplifier designers seeking to learn the 
ropes of working with valves. The practical side of this book 
is reinforced by numerous clear illustrations throughout. 


Order code NE40 £29.00 


368 pages 
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GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 

This book is primarily aimed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing 
the relative merits and the limitations of the two types. 
In Chapter 2 various methods of component checking 
are described, including tests for transistors, thyristors, 
resistors, capacitors and diodes. Circuit testing is covered 
in Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed. 

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects. 


Order code BP239 £5.49 


96 pages 


STARTING ELECTRONICS 

Third Edition 

Keith brindley 

A punchy practical introduction to self-build electronics. The 
ideal starting point for home experimenters, technicians and 
students who want to develop the real hands-on skills of 
electronics construction. 

A highly practical introduction for hobbyists, students, 
and technicians. Keith Brindley introduces readers to the 
functions of the main component types, their uses, and the 
basic principles of building and designing electronic circuits. 

Breadboard layouts make this very much a ready-to- 
run book for the experimenter, and the use of multimeter, 
but not oscilloscopes, and readily available, inexpensive 
components makes the practical work achievable in a home 
or school setting as well as a fully equiped lab. 


Order code NE42 £13.99 
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PRACTICAL FIBRE-OPTIC PROJECTS 

R. A. Penfold 

While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics enthusiast 
it is probably their novelty value that makes them worthy 
of exploration. Fibre-optic cables provide an innovative 
interesting alternative to electric cables, but in most cases 
they also represent a practical approach to the problem. 
This book provides a number of tried and tested circuits for 
projects that utilize fibre-optic cables. 

The projects include:- Simple audio links, F.M. audio link, 
P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, P.W.M. 
motor speed control, RS232C data links, MIDI link, Loop 
alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 


a second mortgage. 
Order code BP374 £5.45 


132 pages 
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HOW TO BUILD A COMPUTER 

R.A. Penfold 

To build your own computer is, actually, quite easy and 
does not require any special tools or skills. In fact, all that it 
requires is a screwdriver, pliers and some small spanners 
rather than a soldering iron! The parts required to build a 
computer are freely available and relatively inexpensive. 
Obviously, a little technical knowledge is needed in order to 
buy the most suitable components, to connect everything 
together correctly and to set up the finished PC ready for use. 
This book will take you step-by-step through all the 
necessary procedures and is written in an easy to 
understand way. The latest hardware components are 
covered as is installing the Windows Vista operating system 


and troubleshooting. 
Order code BP591 £8.99 


VIDEO PROJECTS FOR THE ELECTRONICS 
CONSTRUCTOR 

R. A. Penfold 

Written by highly respected author R. A. Penfold, this 
book contains a collection of electronic projects specially 
designed for video enthusiasts. All the projects can be simply 
constructed, and most are suitable for the newcomer to 
project construction, as they are assembled on stripboard. 
There are faders, wipers and effects units which will add 
sparkle and originality to your video recordings, an audio mixer 
and noise reducer to enhance your soundtracks and a basic 
computer control interface. Also, there’s a useful selection on 
basic video production techniques to get you started. 

Circuits include: video enhancer, improved video enhancer, 
video fader, horizontal wiper, improved video wiper, negative 
video unit, fade to grey unit, black and white keyer, vertical 
wiper, audio mixer, stereo headphone amplifier, dynamic 
noise reducer, automatic fader, pushbutton fader, computer 
control interface, 12 volt mains power supply. 


Order code PC115 £5.45 


320 pages 
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Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. Double-sided boards are NOT plated through hole and will require 
‘vias’ and some components soldering to both sides. All prices include VAT and 
postage and packing. Add £1 per board for airmail outside of Europe. Remittances 
should be sent to The PCB Service, Everyday Practical Electronics, Wimborne 
Publishing Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders @epemag.wimborne.co.uk. 
On-line Shop: www.epemag.com. Cheques should be crossed and made payable 
to Everyday Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
— overseas readers allow extra if ordered by surface mail. 

Back numbers or photocopies of articles are available if required — see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 

Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be 
ordered from, our website. 


Boards can only be supplied on a payment with order basis. 


PROJECT TITLE ORDERCODE COST 


SEPTEMBER '09 


PIC Programmer SOIC Converter 
* Random Mains Timer 


OCTOBER ‘09 


1pps Driver for Quartz Clocks 
Minispot 455kHz Modulated Oscillator 
Prog. Ignition System for Cars 
— Ignition Unit 
— Ignition Coil Driver 
— LCD Hand Controller 


* Guitar-To-MIDI System 


NOVEMBER ‘09 
Class-A Headphone Amplifier 
— Main (pair) 
— PSU 
Emergency 12V Lighting Controller 


* Digital VFO With LCD Graphics Display 
(doubled sided) 


DECEMBER ‘09 

Knock Detector 

* 12V/24V High-Current Motor Speed Controller 
— Main 
— Display 


JANUARY ‘10 


* UHF Remote-Controlled Mains Switch | | £7.93 
* UHF Remote Mains Switch Transmitter — £6.00 


* Playback Adapter For CD-ROM Drives Eel 


FEBRUARY ‘10 | 
* Charge Controller For 12V Lead-Acid Batteries | £6.66 
* Working Days Alarm Clock 


— Main (double-sided) 742 
— Display (double-sided) 743 
Low-cost LPT-To-I?C Interface | 744 


MARCH '10 | 
* High-Accuracy Digital LC Meter — Main | 745 
set £7.93 


set £25.00 
£6.30 


— Adaptor 746 

— Shorting Bar 747 

2-way Stereo Headphone Adaptor 748 
* Shift Indicator and Rev Limiter For Cars — Main 749 
— Display - 750 


| £10.30 
set | £9.04 


APRIL ‘10 

USB Power Injector 597 | £5.87 
Alternative 12V 10A Power Supply 751 E76 
LM3909 Replacement Module | 752 | £6.02 


MAY '10 

* Water Tank Level Meter 

* dsPIC/PIC Programmer — Main Board 
— Adaptor 


753 £6.66 
JUNE’10 


754 
755 set £8.56 


* PIC-Based Musical Tuning Aid 
* Water Tank Level Meter — Base 

— Switch 
* DSP Musicolour — Main 

— Display 


756 £8.24 
157 

758 set £6.97 
759 


760 set £14.99 
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PROJECT TITLE ORDERCODE COST 


JULY ’10 
* ColdAlert Hypothermia Alarm 761 £6.98 
* Swimming Pool Alarm 


AUGUST '10 
* PIC-Based Flexitimer (double-sided) 
DSP Musicolour — Remote Control Receiver 
* UV Lightbox — Exposure Controller 

— Display/Timer 
Ultra LD 200W Power Amplifier (double-sided) 


SEPTEMBER ‘10 


Ultra-LD 200W Power Amplifier — Power Supply 768 n/ 61 
Low-Voltage Adjustable Regulator 769 £6.19 
Balanced/Unbalanced Converter 770 £6.98 


Planet Jupiter Receiver (double-sided) 


OCTOBER '10 
Bridge Adaptor For Stereo Power Amps 
CDI Module For Small Motors 

* LED Strobe and Tachometer — 1 


— Main Board 
— Switch Board 
NOVEMBER ‘10 
* Railpower — Main Board 
— Display Board 


* LED Strobe and Tachometer — 2 
— Photo-Interrupter 
— IR Reflect Amp 
* USB Clock with LCD Readout — 1 


Balanced MIC Preamp for PCs and MP3 Players 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a 
star, and others previously published can be downloaded 
free from the Library on our website, accessible via our 
home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue 
onwards can also be downloaded from our website (www. 
epemag.com); go to the ‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 
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Everyday Practical 
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Card Security No. Maestro Issue No. 


(cheque/PO in £ sterling only) to: 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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CEASSIFIEDFADVERTISEMENTS 


twenty-four years. 


Wt EVERYDAY PRACTICAL 


ees ELECTRONICS 


ae 
Everyday Practical Electronics reaches more UK readers than any other 
UK monthly hobby electronics magazine, our sales figures prove it. We 
have been the leading monthly magazine in this market for the last 


If you want your advertisements to be seen by the largest readership at the 
most economical price our classified page offers excellent value. The rate for 
semi-display space is £10 (+VAT) per centimetre high, with a minimum height 
of 2-5cm. All semi-display adverts have a width of 5.5cm. The prepaid rate for 
classified adverts is 40p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical 
Electronics. VAT must be added. Advertisements, together with remittance, 


Kearn as above. 


should be sent to Everyday Practical Electronics Advertisements, 113 Lynwood 
Drive, Merley, Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 
843233. Email: epeads @ wimborne.co.uk. For rates and information on display 
and classified advertising please contact our Advertisement Manager, Stewart 


Versatile Programmable PIC 
On Screen Display System 


Display text over any composite video signal 
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for sensor interfaces 
@PIC 16F628A micro @User definable fonts — 
Example code for MSF, cash register, 1-wire 
F . 


www.cstech.co.uk 


PIC Prototyping Kits 
PIC Programmers 


DTMF & CTCSS 
encoder & decoder kits 


All in stock — Quality components — Low postage costs 


Robot Bits... 


Robot Kits and Components 


0845 5 191 282 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 


All major credit cards accepted 
Web: www.bowood-electronics.co.uk 
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue 


& GPS data display =~ (ae 2 


cgsng.com 


| Subtitles Creator and Auto-Speech... programs for 
your demo and other videos. Create a 
professional look and sound. Also use the speech 
program when making projects needing voices 


Miscellaneous 


VALVES AND ALLIED COMPONENTS 
IN STOCK. Phone for free list. Valves, 
books and magazines wanted. Geoff Davies 
(Radio), tel. 01788 574774. 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


spinvent.co.uk- 


..-invent with the Propeller 
microcontroller and Spin programming 
language from Parallax 


The how and why of circuit design 


PRACTICALLY 


The techniques of electronic 
project construction 


| tr Over 40 different circuit Ideas 
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Europe’s Largest 
Surplus Store 


20,000,000 Items on line NOW ! 


New items added dail 
Established for over 25 years, UK company 
Display Electronics prides itself on offering a 
massive range of electronic and associated 
electro-mechanical equipment and parts to 
the Hobbyist, Educational and Industrial 
user. Many current and obsolete hard to get 
parts are available from our vast stocks, 
which include: 

# 6,000,000 Semiconductors 

# 5,000 Power Supplies 

@ 25,000 Electric Motors 

# 10,000 Connectors 

# 100,000 Relays & Contactors 

@ 2000 Rack Cabinets & Accessories 
# 4000 Items of Test Equipment 

@ 5000 Hard Disk Drives 


Display Electronics Telephone 


29 | 35 Osborne Road 
aoa iandicai [44] 020 8653 3333 
Surrey UK CR7 8PD Fax [44] 020 8653 8888 
Rechargeable Batteries With Solder Tags 

NIMH NICAD 

£2.82 AA 650mAh 

£4.70 C 2.5Ah 

£7.60 D 4Ah 

Instrument case with edge connector and screw terminals 

Size 112mm x 52mm x 105mm tall 
This box consists of a cream base with a PCB slot, a cover plate to pro- 
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream 


bases have minor marks from dust and handling price £2.00 + 
VAT (=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44. 
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866 battery pack originally intended to be 

used with an orbitel mobile telephone it 
contains 10 1-6Ah sub C batteries (42 x 

22 dia. the size usually used in cordless 
screwdrivers etc.) the pack is new and 

unused and can be broken open quite 7 
easily £7.46 + VAT = £8.77 ae 


Please add £1.66 + VAT = £1.95 postage & packing per order 


@ 
JPG Electronics 
Shaws Row, Old Road, Chesterfield, S40 2RB. 

Tel 01246 211202 Fax 01246 550959 
www.JPGElectronics.com 
Mastercard/Visa/Switch 
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 
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NEXT MONTH 


DIGITAL RF LEVEL AND POWER METER 

Need to measure small signals at radio frequencies? This superb, low- 
cost digital level and power meter will allow you to measure RF signals 
from 50kKHz to 500MHz. 


12V SPEED CONTROLLER / LAMP DIMMER 

A handy circuit that can be used as a speed controller for a 12V motor 
(up to 5A continuous) or a dimmer for a 12V halogen or incandescent 
lamp rated up to 50W. 


USB CLOCK WITH LCD READOUT —- PART 2 
Next month, we detail the software installation and describe how 
the clock is used. Plus, how to synchronise your PC to an internet 
time server, and the USB Clock to the PC at boots up. 


MULTI-PURPOSE CAR SCROLLING DISPLAY 

A project for any measurement or data logging application where 
you have 9-12V DC available. It can monitor up to six signals and 
display up to 10 computed values in a scrolling or static readout on 
a 7 x 15 dot matrix LED display. 


MUSICOLOUR IRDA ACCESSORY 
How to add a wireless infrared port to the DSP Musicolour — or in 
fact virtually any microcontroller project 


TEACH-IN 2011 — PART 2 
Mike and Richard Tooley continue our indispensable back-to-basics 
series with a look at resistors, capacitors, timing and delay circuits. 


DEC ’10 ISSUE - ON SALE 11 NOV 


Content may be subject to change 
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